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Executive Summary 
 
• Driven by production efficiency, increasing litter size has long been a goal 
of pig producers, although this trend has accelerated in the past 15 years, 
particularly in Denmark and in other countries such as Holland, Germany 
and France. 
 
• This report aims to review the pertinent scientific and practical evidence on 
sow and piglet welfare in relation to large litter size, and discusses the 
relevant ethical issues in order to inform a societal debate about the ethical 
acceptability of large litter size. In addition, possible approaches to 
mitigating health and welfare issues associated with large litter are 
identified 
 
o Increasing litter size has economic and environmental benefits to the pig 
industry, but concern has been expressed that efforts to increase litter size, 
particularly those relating to genetic selection, may have gone too far. 
 
o In some cases large litter sizes may be a causal risk factor for decreased 
animal welfare in pig production; either through the biological consequences 
of large litter size or via possible effects of management measures taken to 
deal with large litters. 
 
o Identifying the challenges makes it possible to target solutions that mitigate the 
challenges that have the highest impact on animal welfare. 
 
• All the possible welfare consequences of large litter size are summarised in 
Table 1. Broadly, there are four main clusters of issues where major 
concerns about the impact of large litter size are seen. 
 
o Firstly, increased litter size is associated with increased total piglet mortality. 
 
o Secondly, there are a number of additional welfare concerns relating to large 
litter size in piglets that survive the neonatal period. 
 
o Thirdly, for some piglets being born into a large litter may have other 
consequences for their postnatal experiences. 
 
o Finally, from the sow’s perspective increasing litter size may also impair 
welfare  
 
• In addition to specific welfare issues, there are also other ethical concerns 
relating to the increased occurrence of large litters 
 
o The overall ethical assessment of welfare implications is complicated by the 
fact that there are no widely accepted evaluation criteria concerning the 
evaluation of adding lives to the world. 
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o The range of welfare and ethical issues associated with litter size increase 
place the good image of Danish pig production at risk, both nationally and 
internationally. 
 
• Several possible approaches to mitigating health and welfare issues 
associated with large litter were identified and are summarised in Table 2. 
 
o At a national level an important mitigation strategy is genetic selection 
encompassing traits that promote piglet survival, vitality and growth. 
 
o In Denmark, the breeding objective LP5 (Live Pigs day 5) was introduced into 
the breeding and multiplier herds in 2004. Since then, survival rate until day 5 has 
increased by 6 percentage points in these herds, resulting in ≥ 20% less mortality. 
This response should also become apparent at the production level as 
dissemination of genes from the purebreds to the crossbred sows increases over the 
coming years. 
 
o Nutrition for gilts and sows, through rearing, gestation, lactation and 
subsequent reproductive cycles could also contribute to improving piglet 
outcomes. 
 
o At an individual farm level, management can be improved to promote piglet 
survival and subsequent life vigour. An important concept is that 
management at all stages of the reproductive cycle, not simply in the 
farrowing accommodation, can impact on piglet outcomes. 
 
o Understanding the attitudes and behaviours of stockhandlers that contribute to 
variable farm outcomes and designing intervention training could be an 
important source of progress. 
 
• A full economic analysis (including inclusion of ‘ethical costs’) is 
necessary to properly identify both economic costs and benefits of further 
increases in litter size as opposed to moving to a focus on keeping 
conceived piglets alive to weaning and beyond. This is beyond the scope of 
this report.  
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Table 1: Summary of welfare impacts of large litter size on animal welfare outcomes for 
sows and piglets 
Welfare Problem Proximate Cause(s) 
Relationship to Litter size 
(Speculative / Uncertain / Sound / Strong) 
Welfare 
impact* 
Individual 
Severity$ Certainty 
Priority 
for 
Action# 
MATERNAL SOWS 
Discomfort and 
reduced mobility 
during gestation 
[section 5.1] 
Physical effect of 
carrying a large 
litter 
Speculative MEDIUM
 1 
LOW
 LOW/ 
MEDIUM 
Health problems 
during gestation 
[section 5.1] 
Physiological effect 
of carrying a large 
litter 
Speculative LOW
 1 
LOW
 LOW 
Increased hunger 
during gestation 
[section 5.1] 
Increased fetal 
demand for 
nutrients 
Speculative. Probably only an issue during late gestation. 
Confounded with high general level of hunger in dry sows. But 
compromised nutritional balance or low energy may still be an 
issue. 
LOW
 1 
LOW
 LOW 
Increased 
fear/anxiety during 
gestation 
[section 5.1] 
Hormonal signals of 
large litter 
Speculative. Although evidence of an effect in rodents: D’Amato 
et al., 2006. 
MEDIUM
2 
LOW
LOW/ 
MEDIUM 
Pain / discomfort at 
farrowing 
[section 5.2] 
Increased farrowing 
duration 
Uncertain.  Litter size positively associated with farrowing 
duration: Canario et al 2006ab.  Presence of stillborn piglets 
associated with longer farrowings: VanDijk et al., 2005. But 
relationship between farrowing duration and experience of pain 
and discomfort is unknown. 
MEDIUM
 3 
 
MEDIUM
 
MEDIUM 
Pain / discomfort at 
farrowing 
[section 5.2] 
Increased 
prevalence of 
stillborn/mummified 
piglets 
Sound.   Behavioural farrowing ease score found to be 
decreased when sows passed stillborn or mummified piglets: 
Mainau et al., 2010 
MEDIUM
3 
MEDIUM
MEDIUM 
Dystocia 
[section 5.2] 
Increased farrowing 
duration 
Sound.  Litter size positively associated with farrowing duration 
and stillbirth: Canario et al., 2006ab; VanDijk et al., 2005 
MEDIUM
 
3 
 
MEDIUM
 MEDIUM 
Infections of 
reproductive tract, 
sickness behaviour 
[section 5.2] 
Tissue damage Uncertain.  Risk of infection exists for all farrowings. It may be 
increased with longer farrowings or the expulsion of stillborn 
piglets, particularly where this involves human intervention.  
MEDIUM
2 
MEDIUM
MEDIUM 
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Fear and neophobia
[section 5.2] 
Parturition pain Uncertain.  May be associated with pain, but extent to which 
larger litter impact upon overall pain associated with farrowing 
requires further exploration. 
MEDIUM
2 
MEDIUM
MEDIUM 
Sow fatigue 
[section 5.2] 
Increased farrowing 
duration 
Uncertain.  Uterine and maternal fatigue.  MEDIUM
 2 
MEDIUM
 MEDIUM 
Udder damage and 
infection 
[section 5.3.1] 
Piglets fighting at 
the udder. 
Sound.  Teat competition in very early lactation can damage 
udder. Teat damage positively correlated to litter size: Norring et 
al., 2006 
MEDIUM
 1 
HIGH
 MEDIUM/HIGH 
Energetically costly 
lactation 
[section 5.3.1] 
 Uncertain. Body condition and weight loss related to weaned 
litter size: Grandison et al., 2005. Nutrient mobilisation related to 
litter size: Kim and Easter, 2001 
MEDIUM
 2 
MEDIUM
 MEDIUM 
Impaired rest during 
lactation 
[section 5.3.2] 
 Speculative. Suggested as a possibility by De Passillé and 
Robert, 1989; Arey and Sancha, 1996. 
MEDIUM
 1 
LOW
 LOW/ MEDIUM 
Reduced sow 
longevity 
[section 5.3.3] 
Injury (shoulder 
ulcers), infertility, 
lameness, agalactia 
Speculative. Thought that higher litter size may result in sow 
“burn out” at 4th parity. Injury, lameness, agalactia all cause pain, 
sometimes chronic and although reduced longevity would end 
this, the reasons have high welfare concerns. 
MEDIUM
 3 
MEDIUM
 MEDIUM 
OFFSPRING PIGS 
Still births 
[section 4.2] 
Intrauterine 
crowding / difficult 
birth 
Strong. Litter size negatively associated with still births: 
Svendsen et al., 1991; Roehe and Kalm, 2002; VanDijk et al., 
2005; Canario et al., 2006a,b; Rosendo et al., 2007; Kapell et 
al., 2009. However, low welfare impact because literature 
suggests that piglets are unlikely to be sentient before first 
postpartum breath (Mellor and Diesch 2006; Mellor, 2010). 
However, studies have not been conducted in piglets. 
LOW
 
0 
MEDIUM
 
LOW 
Intra-partum 
asphyxia / hypoxia 
[section 4.2] 
 Sound.  Same as above as intra-partum asphyxia main cause of 
type 2 stillbirths (type 1 = mummies). 
May not involve suffering at time of occurrence: Mellor and 
Stafford, 2004. But is associated with negative outcomes later: 
e.g. reduced postnatal vigour and delayed landmark behaviours 
(Zaleski and Hacker, 1993) and physiological compromise, e.g. 
MAS (see Alonso-Spilsbury et al., 2005 for review). 
MEDIUM
 
1 
 
MEDIUM
 
MEDIUM 
Neonatal mortality
[section 4.4] 
All causes  Strong. Litter size unfavourably associated with mortality: 
Stewart and Diekman, 1989; VanDerLende and deJager, 1991; 
Blasco et al., 1995; Johnson et al., 1999;  Sorensen et al., 2000; 
Lund et al., 2002 
HIGH
 
 4 
HIGH
 
 HIGH 
Neonatal mortality
[section 4.4] 
Chilling Strong. Increased litter size associated with lower birth weights, 
low birth weight piglets have poorer thermoregulatory capacity: 
Herpin et al., 2002 and increased risk of chilling, which increases 
mortality (Malmkvist et al., 2006) 
MEDIUM
 4 
HIGH
MEDIUM 
/HIGH 
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Lower challenge to welfare than hunger/pain: Mellor and 
Stafford, 2004 
Neonatal mortality
[section 4.4] 
Starvation Strong. More competition for teats.  Lower birth weight piglets or 
heterogeneity, leads to unfair competition (English and Smith, 
1975; Fraser et al., 1995; Andersen et al., 2011). 
Welfare impact can be ameliorated through management. 
HIGH
 4 
HIGH
HIGH 
Neonatal mortality
[section 4.4] 
Injury 
(crushing/savaging) 
Uncertain.  More piglets, more disturbances and a more restless 
mother (see Andersen et al 2005 for discussion). Low birth 
weight associated with increased likelihood of crushing: 
Pedersen et al., 2011. Large litter size associated with more 
crushing: Andersen et al., 2011. Crushing is part of a 
hypothermia and starvation complex, with chilled hungry piglets 
more likely to be in risky areas at the udder and more lethargic 
so less likely to escape rolling sow (Edwards, 2002). Possible 
increased risk of savaging related injury is highly speculative. 
HIGH
 
4 
HIGH
HIGH 
Neonatal mortality
[section 4.4.2] 
Low birth weight Strong. Litter size negatively associated with birth weight: 
Thompson and Fraser. 1986; VanDerLende and deJager. 1991;  
Kerr and Cameron 1995; Roehe. 1999; Bilkei and Biro, 1999;  
Sorensen et al., 2000; Tuchscherer et al., 2000; Roehe and 
Kalm. 2000; Quiniou et al., 2002; Wolf et al., 2008. Birth weight 
negatively associated with neonatal mortality: Gardner et al., 
1989; VanDerLende and deJager 1991; Fix et al., 2010; 
Pedersen et al., 2011. 
Not a problem for all piglets in any given litter. Causal impact on 
mortality not fully established. 
MEDIUM
 
4 
MEDIUM
 
MEDIUM 
Neonatal mortality
[section 4.4.2] 
High within litter 
variation in birth 
weight 
Strong. Litter size positively associated with birth weight 
variation: Wolf et al., 2008; Quesnel et al., 2008; Roehe, 1999; 
Milligan et al., 2002; Quiniou et al., 2002. Not a problem for all 
piglets in any given litter. 
MEDIUM
 4 
MEDIUM
MEDIUM 
Neonatal mortality
[section 4.4] 
Disease Sound.  Associated with poor colostrum intake, thus insufficient 
absorption of immunoglobulins and maternal lymphocytes for 
immunity (Le Dividich et al., 2005; Salmon, 2000). 
MEDIUM
4 
MEDIUM
MEDIUM 
Neonatal pain
[section 4.4] 
Injury 
(crushing/savaging) 
Speculative. Litter size may be associated with increased risk of 
chilling and starvation: Andersen et al., 2011 (lowering capacity 
of piglets to avoid injury) and with impaired maternal behaviour 
(making injuries more likely). Apart from instantaneous deaths, it 
can be assumed being partially crushed or bitten is painful and 
distressing. 
HIGH
 
3 
MEDIUM
 
HIGH 
Neonatal pain
[section 4.3] 
Increased teat 
competition 
Sound.  Large litter size is associated with more fighting and 
more chance of facial injury from needle teeth (Fraser, 1975; 
Hutter et al., 1993). 
MEDIUM
 2 
MEDIUM
 MEDIUM 
Neonatal pain / 
infection 
Tooth reduction Strong. Litter size associated with greater competition at teats 
and more facial damage (Fraser, 1975; Hutter et al., 1993). 
MEDIUM 2 HIGH MEDIUM/HIGH 
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[section 4.7.1] Tooth reduction is stressful (Marchant-Forde et al., 2009), can 
cause pain (Hay et al., 2004), can be associated with accidently 
injuries (Burger, 1983; Bruckner, 1986; Hutter et al., 1993) and 
increases risk of infection (Lewis et al., 2005). 
However, when average litter size is very large tooth reduction 
may actually be less prevalent as other management responses 
are required. 
Neonatal morbidity
[section 4.5.3] 
Disease Sound.  Associated with poor colostrum intake, thus insufficient 
absorption of immunoglobulins and maternal lymphocytes for 
immunity (Le Dividich et al., 2005; Salmon, 2000). 
MEDIUM
2 
MEDIUM
MEDIUM 
Neonatal morbidity
[section 4.5.3] 
Injury Uncertain.  Facial lacerations, knee abrasions (Norring et al., 
2006), teeth reduction (see above): all provide entry points for 
infection 
MEDIUM
2 
MEDIUM
MEDIUM 
Neonatal hunger
[section 4.3] 
Teat competition Sound.  Large litter associated with increased teat competition 
(Fraser, 1975; Hutter et al., 1993; Milligan et al., 2001a) and 
greater likelihood of some individuals not being to access a teat. 
MEDIUM
2 
MEDIUM
MEDIUM 
Splayleg 
[section 4.5.3] 
Intrauterine 
environment 
Strong. Prevalence of splayleg piglets associated with increased 
litter size, lowered birth weight, reduced gestation length: Holl 
and Johnson 2005; Sellier and Ollivier 1982; Vogt et al., 1984;; 
VanDerHeyde et al., 1989; Sellier et al., 1999. 
Potential for large welfare impact on affected individuals. 
Associated with increased mortality and likely welfare problems 
for those that survive (e.g. reduced colostrum intake: Devillers et 
al 2007). 
MEDIUM
 
3 
HIGH
MEDIUM/
HIGH 
Reduced play 
behaviour 
[section 4.5.2] 
Low birth weight Sound.  Reduced play behaviour seen  in low birth weight 
piglets: Litten et al., 2003 
LOW
1 
LOW
LOW 
Increased 
emotionality 
[section 4.5.2] 
Low birth weight / 
social interactions in 
large litter 
Sound.  Evidence of an effect in rodents: LaBarba and White, 
1971; Ryan and Wehmer, 1975; Hinz et al., 1983; Janczak et al., 
2000. But studies showing the opposite also exist.  No specific 
studies on pigs, although effect on stress reactivity (see below) 
suggests that a behavioural impact might also be seen. 
MEDIUM
2 
MEDIUM
MEDIUM 
Increased stress 
reactivity 
[section 4.5.2] 
Low birth weight Strong. Litter size negatively associated with birth weight (see 
above). Low birth weight negatively associated with increased 
stress reactivity: Klemcke et al., 1993; Poore and Fowden, 2003; 
Kranendonk et al., 2006. 
MEDIUM
 2 
 
HIGH
 MEDIUM 
/HIGH 
Altered social 
behaviour 
(aggression) 
[section 4.5.2] 
Intrauterine 
crowding, social 
interactions in large 
litter 
Uncertain. Found by D’Eath and Lawrence 2004, but failed to 
replicate this result in larger datasets (Personal communication: 
D’Eath, SAC). 
LOW
 1 
LOW
 LOW 
Altered organ 
development 
[section 4.5.3] 
Intrauterine 
crowding / Low birth 
weight 
Strong. Low birth weight associated with compromised growth of 
the gastrointestinal tract, liver, kidneys, thymus, ovaries, 
muscles and skeleton: Handel and Stickland, 1987; Xu et al., 
LOW
1 
LOW
LOW 
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1994; Bauer et al., 2002; Da Silva-Buttkus et al., 2003, Mollard 
et al., 2004; Cromi et al., 2009. 
Impaired gut function
[section 4.5.3] 
Intrauterine 
crowding / Low birth 
weight 
Sound. Low birth weight associated with an immature 
gastrointestinal tract: Wang et al., 2005; Morise et al 2008 
(review). 
MEDIUM
  2 
MEDIUM
 MEDIUM 
Cognitive 
dysfunction 
[section 4.5.3] 
Hypoxia, Cerebral 
injury 
Sound.  Hypoxia during birth process is associated with later 
cognitive dysfunction: Vannucci and Perlman 1997 
LOW
 1 
MEDIUM
 LOW 
Impaired immune 
function 
[section 4.5.3] 
Intrauterine 
crowding / Low birth 
weight 
Sound.  Associated with neonatal disease and poor colostrum 
intake: Tuchscherer et al., 2010; D’Inca et al., 2011. Direct effect 
of litter size seen in other species: Prager et al., 2010.  
HIGH
 2  
LOW
 MEDIUM 
Cross-fostering and 
use of rescue decks 
[section 4.7.2] 
Transient hunger Sound.  Positive for welfare when necessary as aids survival 
(Cecchinato et al., 2008) but may have negatives (Price et al., 
1994, Straw et al., 1998), particularly when >2-3 days after birth. 
LOW
1 
LOW
LOW 
Distress 
[section 4.7.2/3] 
Maternal separation 
etc during Cross-
fostering / Nurse 
sow system 
Uncertain. Early weaning stress for 4-7d piglets removed: Weary 
et al., 2008 
 
MEDIUM
1 
LOW
LOW/ 
MEDIUM 
Rejection by sow
[section 4.7.2/3] 
Cross-fostering / 
Nurse sow system 
Uncertain. Largely occurs when moving older piglets. MEDIUM 1 LOW LOW/ MEDIUM 
Tail-biting 
[section 4.7.2] 
Cross-fostering Uncertain. Cross-fostering associated at farm level with tail biting 
occurrence: Moinard et al., 2003 
HIGH 3 LOW MEDIUM 
NURSE SOWS 
Early removal of 
native piglets 
[section 5.4] 
 Speculative. Evidence in other mammalian species of confusion 
and apprehension at not being able to locate offspring which 
maybe exacerbated by confinement (Newberry and Swanson, 
2008). 
MEDIUM
2 
LOW
LOW/ 
MEDIUM 
Acceptance of new 
litter 
[section 5.4] 
 Uncertain. Discomfort due to udder pressure may occur when 
piglets are not a given immediately. Disturbance from foster litter 
and fighting at the udder 
MEDIUM
2 
MEDIUM
MEDIUM 
Prolonged lactation
[section 5.4] 
 Uncertain. Parent-offspring conflict and potential catabolic state 
(Elsley, 1971; Valros et al., 2003) 
MEDIUM 2 MEDIUM MEDIUM 
Prolonged 
environmental 
restriction 
[section 5.4] 
 Uncertain. A longer period in a farrowing crate may be stressful 
for sows, and may exacerbate shoulder sores as they are 
associated with depleted body condition (Ritter et al., 1999) 
HIGH
3 
MEDIUM
HIGH 
Longevity 
[section 5.4] 
 Uncertain. Associated with longer return to oestrus. MEDIUM 1 MEDIUM MEDIUM 
* Welfare impact is an estimate of the overall effect on the individual (severity x duration) combined with the proportion of individuals affected. 
$ See Appendix one for descriptions of individual severity scores. 
# See Appendix two for how combinations of impact and uncertainty dictate suggested priority for action. 
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Table 2: Summary of possible mitigation strategies for welfare problems relating to large 
litter size 
Welfare 
Problem 
(proximate 
cause) 
Piglet solution Sow solution Biological effect (Low / Med / High) 
Feasibility# 
 (Low / Med / High)
Potential 
(Poor / Good / 
Excellent) 
 Genetic   
 
Stillbirth   
 
 Breeding for maternal 
genetic effects of perinatal 
survival 
LOW 
Heritability: low, but 
substantial variation 
among animals  
 
MEDIUM
 
GOOD 
Stillbirth   
 
Breeding for direct genetic 
effects of perinatal survival 
 LOW 
Heritability: very low for 
sire contribution 
MEDIUM
Difficult to differentiate 
maternal from direct effect 
GOOD 
Neonatal mortality to 
day 5  
 
 Breeding for maternal 
genetic effects of survival 
after birth to day 5. 
LOW 
Heritability: low, but 
sufficient variation among 
animals 
 
MEDIUM
 
GOOD 
Neonatal mortality to 
day 5 
 
 Breeding for litter size at 5 
days 
LOW/MEDIUM
Heritability low, but trait 
measured on continuous 
scale. Positive genetic 
correlations with survival 
rate at birth and from birth 
until 5 days (Su et al., 
2007: Selection For Litter 
Size At Day 5 To Improve 
Litter Size At Weaning 
And Piglet Survival Rate) 
HIGH
GOOD 
Neonatal mortality to 
day 5 
 
Breeding for direct genetic 
effects of survival after 
birth to day 5 
 LOW 
Heritability: very low for 
sire contribution 
MEDIUM
Difficult to differentiate 
maternal from direct effect 
since all animals to some 
GOOD 
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extent are nursed by 
biological mother 
Mortality from day 6 
to weaning 
 
 Breeding for maternal 
genetic effects of survival 
from day 6 to weaning 
LOW 
Heritability: low, lower 
variation among animals 
than the previous mortality 
traits 
 
LOW to MEDIUM
 
GOOD 
Mortality from day 6 
to weaning 
 
Breeding for direct genetic 
effects of survival from day 
6 to weaning 
 LOW 
Heritability: very low, lower 
variation among animals 
than the previous mortality 
traits 
 
LOW
Selection for direct 
survival from day 5 to 
weaning POOR 
Mortality from birth 
until weaning 
 
 Breeding for maternal 
ability to nurse piglets 
(behaviour, milk yield, milk 
quality, etc) 
LOW 
Heritability:? 
 
?
? 
Piglet mortality
 (variable piglet birth 
weight) 
 
 Breeding for litter  
homogeneity 
(canalised selection for 
birth weight within litter) 
Selection for an optimum 
birth weight based on 
lowest stillbirth. 
 
LOW 
Heritability: low. 
Undesirable correlation to 
mean birth weight.  
Low birth weight: 
favourable genetic 
correlation with survival 
during the suckling period, 
but unfavourable genetic 
correlation with stillborn.  
 
LOW
Difficult both statistically 
and practically with 
regards to necessary 
recordings; Mulder et al. 
2007, 2008). Difficult to 
measure birth weights on 
all born animals in the 
breeding system. 
POOR 
Piglet mortality 
(cooling) 
 
Breeding for improved 
thermogenesis 
 
 
 
 
? 
Heritability:? 
Genetic research 
necessary 
 
 
 
LOW
Difficult to measure. 
POOR 
Piglet mortality 
(low vitality) 
 
Breeding for improved 
piglet vitality 
 
 
 
 
LOW 
Heritability: low 
 
 
 
 LOW
Difficult to measure 
 
 
 
 
POOR 
Piglet mortality  Breeding for improved LOW LOW POOR 
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(low vitality) 
 
placental efficiency (less 
asphyxia, less growth 
retardation, better 
thermoregulations) 
Heritability: low 
Mesa et al., 2005; 2006, 
Van rens et al., 2005 
Difficult to measure. 
Piglet mortality 
(crushing) 
 
Breeding for improved 
vitality (see above – more 
vigorous piglets will 
respond to sow cues and 
move out the way) 
 
 
 
LOW 
Heritability: very low 
(Hellbrügge et al., 2008: ) 
 
LOW
Difficult to measure 
POOR 
Piglet mortality 
(crushing) 
 
 Breeding for maternal 
behaviour 
MEDIUM 
Heritability: medium 
Baxter et al. 2011 showed 
sows with genetic 
potential for survival were 
more careful 
LOW
Scoring maternal 
behaviour is difficult. 
Information is generated 
late in life 
GOOD 
Piglet mortality
 
 Breeding for teat number MEDIUM 
Heritability:  moderate 
(e.g. Pumfrey et al., 1980: 
inheritance of teat number 
and its relationship to 
maternal traits in swine). 
 
 
HIGH
Scoring for teat number is 
easy 
POOR 
Piglet mortality
 
 Breeding for placental 
efficiency 
LOW 
Heritability: low 
 
LOW
Measuring placental 
efficiency could be done at 
a litter level with higher 
feasibility. More accurate 
measurements are time 
consuming 
POOR 
Piglet mortality 
(intrauterine crowding) 
 
 Breeding for uterine 
capacity 
LOW 
Heritability: low 
Vallet and Freking 2006: 
Sows selected for uterine 
capacity. No diff between 
these and controls in fetal, 
placental or fetal organ 
weights. Liver grew 
disproportionately slower 
in unselected (i.e. more 
crowded) line during early 
pregnancy.   
LOW
(Phenotyping is difficult) 
POOR 
Piglet mortality Direct genetic effects of Maternal genetic effects of LOW/MEDIUM MEDIUM POOR 
 14 
 
(starvation) 
 
birth weight or 
aggression/competition? 
 
Associated with birth 
weight and vitality – so 
breeding for optimum birth 
weight may contribute to 
this outcome. 
birth weight.  
 
 
 
Breeding for greater lipid 
content in milk? Or more 
milk? 
Direct heritability of birth 
weight: Low (indoor), 
moderate (outdoor) 
Maternal heritability of 
birth weight: moderate   
Undesirable correlation to 
still born (limited net result 
of attempt to reduce 
mortality through selection 
on birth weight; Damgaard 
et al., 2003). 
Increased stress 
reactivity 
(low birth weight) 
 
Breed for reduced stress 
responsiveness. 
 MEDIUM 
Heritability: medium to 
high (e.g. Kadarmideen & 
Janss 2007) 
Relationship between 
specific measures (e.g. 
cortisol response) and 
affective states of animals 
is unclear and selection 
for some traits could be 
counterproductive in 
producing animals that are 
less able to respond to 
stressors in an adaptive 
way. 
MEDIUM
 
POOR 
Increased disease 
susceptibility 
 
Breed for increased 
disease resistance, better 
immune function. 
 MEDIUM 
Resistance against 
specific pathogens 
possible but long term 
effect unknown. Selection 
for general disease 
resistance has low 
heritability. 
MEDIUM
Depends on whether it is a 
disease which is very 
common or not, and 
depending on whether it is 
bacteria or virus, which will 
simply mutate so that 
increased genetic 
resistance against one 
strain will not work against 
the new strain(s). 
POOR / GOOD 
  Early life and rearing    
Stillbirth 
 
 Reduce fear in gilts and 
sows. 
MEDIUM 
Hemsworth et al., 1999 
HIGH
 GOOD 
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Piglet mortality (poor 
maternal behaviour) 
 
 Avoid prenatal stress HIGH 
Low maternal stress 
improves gilt maternal 
behaviour: Jarvis et al., 
2006b, Rutherford et al., 
2009 
MEDIUM
EXCELLENT 
Piglet mortality 
(variable piglet birth 
weight) 
 
 Reduced vitamin A in diet MEDIUM 
Lower within litter birth 
weight variation: Antipatis 
et al., 2008 
?
GOOD 
Piglet mortality 
(stillbirth and impacts 
on live-born) 
 
 Optimise gilt nutrition: over-
fat or emaciated gilts more 
prone to dystocia and 
lameness so less likely to 
respond to piglet cues 
HIGH 
 
HIGH
EXCELLENT 
 Prenatal Gestation    
Piglet mortality 
 
 Supplementing gestation 
diet with Salmon oil 
MEDIUM 
Reduced piglet mortality: 
Rooke et al., 2001 
MEDIUM
Large amounts of farmed 
salmon means this is 
feasible and cheaper than 
fish meal in sow diets, at 
least in the UK. 
 
Piglet mortality (poor 
maternal behaviour) 
 
 Reduce fear during 
gestation 
MEDIUM 
Fear/anxiety associated 
with poor maternal 
behaviour: Janczak et al, 
2003; Lensink et al., 2009; 
Marchant-Forde, 2002 
HIGH
Can be readily achieved 
with improved 
stockhandling (Andersen 
et al., 2006 – positive 
handling in late pregnancy 
improved maternal 
behaviour) 
EXCELLENT 
Piglet mortality
 
 Improving sow health 
status 
MEDIUM 
Exercising stall housed 
gilts improved piglet 
mortality: Schenck et al., 
2008 
MEDIUM
The specific examples of 
exercising sows would be 
time consuming to 
implement and is only 
relevant for sow stalls, 
however broader issues 
relating to sow health 
(such as minimising 
GOOD 
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lameness) could 
contribute to improved 
piglet outcomes and would 
be feasible to implement. 
 
Piglet mortality
 
 Reduce gestation stress MEDIUM 
Gestation stress increased 
piglet mortality: 
Tuchscherer et al., 2002, 
Kanitz et al., 2003, Otten 
et al., 2001 
MEDIUM
Better mixing practice and 
housing can minimise but 
not eliminate stress. GOOD 
Piglet mortality
 
 Long photoperiod LOW 
Niekamp et al., 2006 (also 
lowered litter size) 
LOW
POOR 
Piglet mortality
 
 Increased dietary fibre HIGH 
Andersen et al., 2007 
HIGH EXCELLENT 
Piglet mortality
 
 L-carnitine dietary 
supplement 
MEDIUM 
Musser et al., 1999, Eder 
et al., 2001 
?
 ? 
Piglet mortality
 
 Conjugated Linoleic Acid 
(CLA) dietary supplement 
MEDIUM 
Corino et al., 2009 
?
 ? 
Piglet mortality
 
 Medium chain triglyceride 
dietary supplement 
MEDIUM 
Jean and Chang 1999 
?
 ? 
Piglet mortality
 
 Increased dietary energy 
level 
MEDIUM 
Long et al., 2010 
?
 ? 
Post weaning stress 
and poor health 
 
 Flavour addition to sow diet MEDIUM 
Oostindjer et al., 2010 
MEDIUM
GOOD 
 Birth / Early neonatal Peri-parturient    
Pain 
(extended farrowing 
duration) 
 
 Pain relief (post parturition) MEDIUM 
Improves maternal 
behaviour: Haussmann et 
al., 1999.  
Beneficial effect on low 
birth weight piglets: 
Manteca, 2009.  
Reduce piglet mortality 
(Hirsch et al., 2003) 
MEDIUM
 
GOOD 
Piglet mortality Improved stockperson  MEDIUM HIGH EXCELLENT 
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 training Hemsworth et al., 1994 Hemsworth et al., 1994 
Piglet mortality 
(asphyxia) 
Oxygen treatment of 
piglets 
 HIGH 
Herpin et al., 2001  
LOW POOR 
Piglet mortality 
(low Immunoglobulin 
uptake) 
 
 Sow diet supplemented 
with CLA (gestation and 
lactation) 
MEDIUM 
Corino et al., 2009 
?
  
Piglet mortality (poor 
maternal behaviour) 
 
 Mild sedation with 
Azaperone 
MEDIUM 
Miquet and Viana, 2010 
LOW
POOR 
Piglet mortality (poor 
maternal behaviour) 
 
 Consistency between 
gestation and farrowing 
environment 
LOW 
Beattie et al., 1995, Weng 
et al., 2009 
LOW
POOR 
Piglet mortality
 
Farrowing Supervision. 
Ensure high colostrum 
intake 
 HIGH 
Friendship et al., 1986, 
Holyoake et al., 1995; 
White et al., 1996; 
Andersen et al., 2007 
MEDIUM
EXCELLENT 
Low vitality 
(hypoxia) 
 
2-IminoBiotin injection  MEDIUM 
VanDijk et al., 2008, 
Peeters-Scholte et al., 
2002ab 
LOW
 POOR 
 Pre-weaning Lactation    
Environmental 
restriction 
 (use of nurse sows) 
 
 Lactation in open pen.  
Ease acceptance of new 
piglets 
MEDIUM 
Greater ability for gradual 
separation from litter and 
increased lactational feed 
and water intake 
LOW
GOOD 
Sow irritation
(high piglet numbers) 
 
Increased space. 
Enrichment. Well designed 
creep area. Appropriate 
tooth reduction protocol. 
 MEDIUM 
 
HIGH
 GOOD 
Prenatal mortality
 
 Optimum lactation nutrition MEDIUM 
Vinsky et al., 2006 
HIGH
 GOOD 
      
 Post weaning Weaning to Oestrus    
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Increased stress 
reactivity 
(low birth weight) 
 
Minimise stressor 
exposure.  
 MEDIUM HIGH
MEDIUM 
Altered immune 
function 
 
Maintain high health status. 
Wean later? 
 HIGH MEDIUM
MEDIUM 
Altered social 
behaviour 
 
Maintain stable groups, 
minimise mixing 
 HIGH MEDIUM
MEDIUM 
Piglet mortality 
 
 Dextrose / lactose 
supplements to sow diet 
HIGH 
VanDenBrand et al., 2006, 
2009
MEDIUM
MEDIUM 
# Estimates of feasibility should be considered as being relative within a category rather than absolute. For instance, for genetic selection purposes it should 
include more factors than selection for a certain trait. Also: registration possibilities (both operationally and traitwise, i.e. subjective versus objective measure), 
informative value of recordings (categorical, continuous scale; genetic relationship between animals with registrations and breeding stock), appropriate 
statistical models (for routine evalutions; for dealing with e.g. low information, so also information availability, i.e. prevalence). 
1. Introduction 
 
 
 
Human beings began the process of domesticating wild boar about 10,000 years ago 
(Larson et al., 2011). Since then domesticated pig breeds have been selected for a number 
of different traits including litter size. As a consequence, litter size in domestic pigs has 
increased in comparison to that of the wild boar ancestor. Whilst this change has been going 
on slowly throughout domestication it has become more rapid recently due to modern animal 
breeding techniques. Animal breeders believe that further selection on litter size is possible 
and that litter sizes will continue to increase for the foreseeable future.  
The pig industry is subject to numerous drivers, but ultimately its aim is to produce a 
quality product at low cost and in a socially acceptable way (Webb, 1998; Spötter and Distl, 
2006). The drive for increased litter size through genetic selection and management 
techniques has been driven by a desire to improve production efficiency by increasing the 
number of slaughter animals produced from the relatively high fixed costs associated with 
intensive pig farming. Increasing litter size therefore improves the efficiency of pork 
production, maximising financial gains and also reduces the environmental impact of pork 
production, all of which explains the continued interest in increasing litter size. 
Like other areas where artificial selection has been applied to farm animals, such as 
milk yield in dairy cattle (Oltenacu and Broom, 2010) or growth rate in broilers (Bessei, 
2006), concern has been expressed that increasing litter size may be detrimental to animal 
welfare (Prunier et al., 2010). Welfare issues relating to litter size are potentially more 
complex than some other examples of intensive selection for production traits. Firstly, (until 
recently) changes in litter size have occurred slowly and have overall been less pronounced. 
Secondly, the consequences of selection for litter size are variable and impact in different 
ways on different individuals and at different times. Unlike specific areas of welfare concern, 
such as housing conditions or husbandry interventions, the issue of breeding for increased 
SUMMARY: 
 
Driven by production efficiency, increasing litter size has long been a goal of 
pig producers, although this trend has accelerated in the past 15 years, 
particularly in Denmark and in other countries such as Holland, Germany and 
France. 
 
This report aims to review the pertinent scientific and practical evidence on 
sow and piglet welfare in relation to large litter size, and discusses the 
relevant ethical issues in order to inform a societal debate about the ethical 
acceptability of large litter size. In addition, possible approaches to 
mitigating health and welfare issues associated with large litter are identified 
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litter size is a harder concept to consider from a welfare perspective. Here we consider the 
evidence for different possible welfare challenges relating to large litter size and possible 
mitigation strategies to meet the challenges. Many of the individual issues we consider have 
been discussed previously; however, this discussion has not been in the context of the larger 
causal variable of litter size.  
Potential welfare issues, for either sow or piglets, relating to large litter size may 
derive from either biological consequences (aspects of large litter size that are bad for 
welfare per se) or management responses (where poor management or failure to intervene 
could exacerbate a welfare issue). Biological consequences can be further divided into 
outcomes that are causally related to a crowded gestation environment and outcomes that 
are related to experiencing postnatal life in a large litter. These two do not perfectly co-vary 
since, either through early piglet mortality or active management responses, such as cross 
fostering to even up litter size, litter size experienced during neonatal life will be less variable 
than litter size experienced during fetal life.  
The welfare impacts of litter size in pigs have not, until now, been the focus of much 
attention. For instance, the SVC report into the welfare of pigs did not mention it as a specific 
issue (SVC, 1997). Similarly, in the UK the Farm Animal Welfare Council (FAWC) “Report on 
the welfare implications of animal breeding and breeding technologies in commercial 
agriculture” (2004) does not specifically raise the issue of litter size in pigs. However, even 
around this time there were concerns being expressed in society about the issue of selection 
for ever larger litter sizes. For instance, in 2003 it was reported in the UK press that a sow at 
a farm belonging to a UK breeding company had given birth to 27 piglets (“And this little 
piggy gave birth to 27 piglets”, The Telegraph June 10th 2003). In its headline the Daily Mail 
asked the question: “Scientific triumph – or yet another grotesque milestone in mankind’s 
abuse of animals?” and a spokesperson for the Royal Society for the Prevention of Cruelty 
to Animals (RSPCA) was quoted as saying “The sow is likely to suffer discomfort through the 
pregnancy because she is carrying so many piglets”. A representative of the animal welfare 
advocacy charity Compassion in World Farming (CIWF) said “It typifies what is wrong with 
modern factory farming. The industry should try to reduce litter size, not increase it”.  
More recently, in Denmark, the issue of large litter size drew media attention in 2010 
when the Danish Animal Protection Society highlighted the issue of high levels of piglet 
mortality. By their calculations the relatively high level of piglet mortality in Denmark equated 
to nine million dead piglets per year and they challenged the practice of breeding for higher 
litter size on welfare and ethical grounds and also questioned whether the negative 
outcomes effectively rendered the practice illegal.  
In relation to breeding and animal welfare, EU legislation (Council Directive 98/58/EC 
of 20 July 1998 concerning the protection of animals kept for farming purposes) states that: 
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“Natural or artificial breeding or breeding procedures which cause or are 
likely to cause suffering or injury to any of the animals concerned must not 
be practised”. 
“No animal shall be kept for farming purposes unless it can reasonably be 
expected, on the basis of its genotype or phenotype that it can be kept 
without detrimental effect on its health or welfare”. 
However, it is rather unclear what the implications of this are for legal requirements 
facing animal breeders (Gamborg et al., 2005; Olsson et al., 2006) and more generally who 
would be liable for prosecution under such legislation. FAWC (2004) noted that legislation 
had not, to that point in time, been used as a basis to restrict a breeding practice and this 
situation seems unlikely to change. In the UK an attempt in 2004 by CIWF to challenge the 
legality of the chronic feed restriction required to successfully rear broiler breeders to 
reproductive age failed, partly because the appeal judge refused to consider that the 
animals’ genotype contravened UK legislation (implementing the EU directive).  
Over the last decade, the European Food Safety Authority (EFSA) has conducted a 
number of animal welfare risk assessments of different livestock industries, including pig 
production (e.g. EFSA, 2007). In relation to pig production, litter size  was discussed as a 
possible risk factor for negative welfare outcomes, largely based on problems associated 
with low birth weight, increased teat competition and piglet mortality, but also due to 
concerns relating to possible welfare impacts of management responses such as cross-
fostering, especially when practiced after the first day of life (EFSA, 2007). Based on these 
concerns they recommended that: “Genetic selection for litter size should not exceed, on 
average, 12 piglets born alive...” (EFSA, 2007, p3).  
However, as a result of the apparent economic benefits of large litters to the industry, 
the ongoing development towards increased litter size in pig production can be expected to 
continue. The question of whether the goal of ever increasing litter size has resulted in 
modern intensive pig production straying beyond practices that are acceptable to the public 
has not been addressed. Nonetheless, in Denmark, The Pig Research Centre has launched 
a new campaign to improve pig welfare and one of the specific goals is a reduction in total 
piglet mortality by 20% before 2020. 
The aim of this paper is not to judge what the public at large find acceptable but it will 
aim to draw together all the pertinent scientific and practical evidence which might contribute 
to a societal debate about the ethical acceptability of large litter size. Here we provide a 
comprehensive assessment of all the available information on the impact of increasing litter 
size on welfare allowing evidence-based conclusions to be drawn. These conclusions can 
inform the debate on the societal acceptability of increasing litter size within the context of 
other issues such as environmental goals and food security. To the extent it turns out that 
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the development implies increased welfare problems or raise other ethical concerns, it will 
be relevant and of value for both pigs, pig producers and society to analyze management or 
breeding strategies to meet these challenges. Consequently, we identify a number of 
different mitigation strategies that could allow some of the identified welfare issues to be 
avoided or minimised. 
 
2. Litter size in domestic pigs 
Before proceeding to an assessment of how litter size may impact on welfare and possible 
ways to mitigate these challenges we will firstly give some consideration to how litter size in 
the domestic pig has developed over time and what ‘large’ litter size actually refers to. 
Emphasis is placed on Danish pig production where litter size increases have been most 
rapid in recent years, and current average litter sizes are the highest seen in European 
production (Pedersen et al., 2010). However, given the upward trend of litter size 
internationally, and the export of Danish breeding stock, many of the scenarios and issues 
described will also apply to other countries, either now or in the future.  
 
2.1 Litter size in wild pigs and related species 
Pig species are naturally polytocous, and have been said to be the only naturally polytocous 
ungulate (SVC, 1997). Litter size in wild boar is normally quoted as being around 4-6 on 
average (see Appendix three). However, under varying environmental conditions wild boar 
can have litters in double figures (Bieber and Ruf, 2005; Servanty et al., 2007; Focardi et al., 
2008), with litter sizes of up to 14 having been recorded (Servanty et al., 2007).  Wild boar 
sows are flexible in their reproductive effort and respond to good environmental conditions 
by increasing litter size (Servanty et al., 2007). Wild boar litters sizes are actually 
ecologically unusual for an ungulate of their body size, where smaller litter sizes are the 
norm (Saether and Gordon, 1994; Carranza, 1996; Bieber and Ruf, 2005; Focardi et al., 
2008). This is illustrated in Figure one, where Sus scrofa, and its two closest relatives 
Phacocooerus aethiopicus (the Desert Warthog) and Potamochoerus porcus (the Red River 
Hog) are clear outliers from other ungulate species. The characteristic porcine large litter 
size is associated in the wild with high offspring postnatal mortality, and may be part of an 
evolutionary strategy of over-producing. (Interestingly, the other ungulate with higher than 
normal litter size, the Chinese Water Deer, Hydropotes inermis, also shows high levels of 
neonatal mortality, for instance, estimated at between 20 and 40%: Dubost et al., 2011). The 
process is thought to be a form of parental optimism where the production of numerous 
neonates allows replacement offspring in the event of others in a litter dying (Mock and 
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Forbes, 1995; Mock and Parker, 1998) and guards against an unpredictable lactation phase, 
where resources may be plentiful or sparse.  
In addition to high litter size, wild boar adopt a faster life history strategy (earlier 
reproduction) when environmental conditions are good and show substantial flexibility in life-
history strategy depending on environmental conditions: as food availability declines, 
juvenile reproductive development is delayed and the trade-off between reproduction and 
survival shifts towards survival (Bieber and Ruf, 2005). In terms of classical life history theory 
then pigs appear more R-selected (large number of offspring, low offspring survival) but they 
differ from the classical pattern for R-selected species due to having relatively slow growth 
rate, high levels of parental care and a relatively long lifespan. The propensity of pigs for 
flexible increases in reproductive effort (earlier reproduction, larger litters and multiple litters 
over a year) may partly explain why the wild boar was such a valuable animal for 
domestication.  
 
Figure 1: Relationship between female body mass and average litter size in 53 
Ungulate species (Data from Saether and Gordon, 1994) 
 
 
2.2. History of litter size and piglet mortality in domestic pigs 
Human beings began the process of domesticating wild boar about 10,000 years ago, with 
several independent domestication locations being involved (Larson et al., 2011). Following 
the initial domestication, humans then began selectively breeding for particular traits in pigs 
creating a range of domestic breeds with different physical, behavioural, physiological and 
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reproductive characteristics. In the last century as knowledge about the principles of 
inheritance increased, the process of selection in pigs has been conducted in a more 
systematic fashion. Selection was initially focused on physical appearance but from the 
1950’s onwards traits relating to farm production were increasingly of selection interest 
(Dekkers et al., 2011). Initially major progress was seen in carcass traits and growth rate 
while reproductive output showed little gain. As a consequence, over most of the recent 
history of pig production litter size changed relatively little. In the UK at the end of the second 
world war the average litter size was nine (of which 7.6 piglets were reared: Ridgeon, 1993), 
whereas a textbook from 1811 states that average litter size then was around 7.5 (cited in 
Baxter 1984). Indeed average litter sizes recorded for much of the post second world war 
period are only at the high end of what would be biologically possible for wild boar under 
good conditions. As pig production further increased in intensity, improvements in litter size 
were achieved through better management and nutrition. More recently genetic selection for 
litter size has been implemented. About two decades ago, with the implementation of the 
best linear unbiased prediction (BLUP) using an animal model in pig breeding, substantial 
genetic improvement in litter size has been achieved in dam breeds. A simulation study by 
Roehe (1991) and a selection experiment reported by Sorensen et al. (2000) indicated that a 
selection response (increase) using the animal model of about 0.4 piglets per generation can 
be achieved. Subsequently, practical genetic improvement programmes have shown that 
these improvements are possible. 
In Denmark, selection for litter size (total born piglets) was initiated in 1992. Between 
1992 and 1996 Danish production showed a yearly increase of 0.1 total born piglets, 
maintaining the earlier slow upwards trend (Figure 2). From 1996 the genetic improvement 
had segregated from the breeding herds via the multiplier herds and reached the production 
herds in enough sows to affect the production level. Since then litter size (total born piglets 
per litter) has increased by 0.3 piglets per year on average (Table 3; Figure 2). In 2004 the 
selection criterion was changed from total born piglets to ‘live piglets at day 5’ (LP5). 
However, the full effect of this change will only become apparent in future years as LP5 will 
not yet have been fully realised in Danish production herds due to the delay in such a 
change transferring from breeding herds to farm production. Approximately 5 to 6 years after 
the introduction of LP5 a equilibrium genetic progress is expected in the production sows, in 
herds purchasing replacements from multiplier herds. But it will take longer in herds with 
other replacement strategies (Personal communication: Henryon, PRC). Since production 
herds differ in their use of breeding animals there will be variation in the time taken for full 
transfer of national changes to local production. Some farms buy in their gilts from multiplier 
herds (resulting in faster transferring), some produce their own gilts using ‘core-
management’ (medium transferring) and some herds only use their own animals (slow 
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transferring).  Further, this assumes that the genetic progress obtained in purebreds in the 
breeding nucleus is fully realised in the crossbred sows in production herds. Crossbreeding 
results in an additional increase in litter size and thus a larger risk for the individual piglets 
and a larger demand on the sows during parturition. Due to the lack of parental assignment 
identification in production herds this is not well documented. 
The other obvious trend seen in the data in Table 3 is that as litter size has increased 
in Danish pig production so has piglet mortality. It is worth noting that there has been a 
disproportionate increase in prenatal deaths compared to live born mortality. Whilst total 
born piglet numbers increased by 33% between 1996 and 2009, the total number of weaned 
piglets increased by only 23%. So a significant proportion of the selection effort (prior to the 
introduction of LP5) has gone towards producing stillborn piglets. Between 1996 and 2009 
the average number of stillborn piglets per farrowing has more than doubled from 0.9 to 1.9. 
This disproportionate increase in the number of stillborn piglets, and the related fact that 
genetic selection has led to a greater increase in the number of ovulations than in manifest 
litter size (Dekkers et al., 2011), raises interesting scientific and ethical questions, which will 
be addressed in later sections of this report. 
 
 
 
Figure 2:  Developments in numbers of Total born, Live born and Weaned piglets per 
litter in Danish production between 1992 and 2009. 
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Table 3: Changes in National Litter size statistics in Denmark and UK 
  1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 
D
e
n
m
a
r
k
 
 
A
L
L
 
Live born 11.2 11.3 11.5 11.7 11.9 12.1 12.3 12.6 12.9 13.2 13.5 13.6 14 14.2 
Still born 0.9 1.0 1.0 1.1 1.1 1.2 1.3 1.4 1.5 1.7 1.7 1.7 1.8 1.9 
Weaned 9.9 10 10.2 10.3 10.4 10.5 10.7 10.9 11.1 11.3 11.6 11.7 12.1 12.2 
Total Born 12.1 12.3 12.5 12.8 13 13.3 13.6 14 14.4 14.9 15.2 15.3 15.8 16.1 
Prenatal mort. (%) 7.44 8.13 8.00 8.59 8.46 9.02 9.56 10.00 10.42 11.41 11.18 11.11 11.39 11.8 
 Pre-wean mort. (%) 18.18 18.7 18.4 19.53 20 21.05 21.32 22.14 22.92 24.16 23.68 23.53 23.42 24.22 
Denmark Top 25%  
Pre-wean mort. (%)   16.92 17.56 17.78 18.84 19.72 20.00 20.81 20.92 21.66  20.86 22.69 
 Denmark Bottom 25%  
Pre-wean mort. (%)   21.31 22.58 23.2 24.22 25 24.44 25.36 26.39 26.21  26.45 26.45 
U
K
 
 
A
L
L
 
Live born 10.84 10.89 11.01 10.98 11.02 10.90 10.97 10.75 10.75 10.89 10.90 11.10 11.58 11.05 
Still born1 0.95 0.92 0.93 0.98 0.98 0.95 0.89 0.93 0.88 0.79 0.80 0.80 0.83 0.94 
Weaned 9.60 9.69 9.78 9.79 9.89 9.62 9.72 9.61 9.63 9.69 9.50 9.74 9.82 9.82 
Total Born 11.79 11.81 11.94 11.96 12.00 11.85 11.86 11.68 11.63 11.68 11.70 11.90 12.41 11.99 
Prenatal mort. (%) 8.10 7.80 7.80 8.20 8.20 8.00 7.50 8.00 7.60 6.80 6.80 6.70 6.68 7.84 
 Pre-wean mort. (%) 18.58 17.95 18.09 18.14 17.58 18.82 18.04 17.72 17.20 17.04 18.80 18.15 20.87 18.10 
1.  Calculated from prenatal mortality % of total born
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2.3. What do we mean by large litter size in domesticated pigs? 
Litter size is determined by three biological factors: ovulation rate, conception rate and 
embryonic/fetal survival. Each of these factors can be affected by a number of secondary 
factors (Spötter and Distl, 2006), e.g. genetic, environmental, management, seasonal, 
infectious, toxic and nutritional factors (Bazer et al., 2001). Litter size is defined in this report 
as all piglets born alive plus all piglets born dead (regardless of birth weight) that appear 
normally developed and coloured. This excludes fully or partly mummified piglets that did not 
survive to term, but includes any normally developed piglets, that were alive to term (i.e. 
stillborns), and piglets that possess any malformation meaning they were not viable (e.g. 
incomplete gut development such as blind anus). We believe that this definition is relevant 
as any piglet so defined has participated in any intrauterine crowding and in the birth 
process. Since the pig industry often focuses on viable piglets, our definition may include 
more individuals than are recorded under practical conditions. In addition this definition may 
differ from that used in other publications. 
For the purposes of this report we have divided litter sizes into notional zones based 
on particular thresholds that affect management (Figure 3). We have firstly categorised litter 
sizes of six or fewer as ‘abnormal’, as litter sizes in this region would generally be regarded 
as indicating a problem with the sow’s reproductive function (such as a health problem) that 
needed addressing. These abnormally small litters may or may not represent a welfare 
concern depending on their cause.  
 
Figure 3: Distribution of litter sizes from Danish data, and notional litter size 
categories used for discussion in this review (see text for further descriptions).  
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Litter sizes of between seven and thirteen piglets have been categorised as 
‘small/medium’. The upper limit of this range is based on average numbers of functional 
teats seen in commercially available sows. For any given litter, if a sow produces fewer 
viable piglets than she has functional teats, then little or no intervention is necessary, as 
each piglet has a chance to identify and occupy a teat. Teat number generally varies 
between 8 and 18, with 12 to 14 being most common in Western breeds. Chinese breeds 
such as the Meishan and Erhulian can have above 20 teats (although ~18 is average) 
(Bazer et al., 2001; Ding et al., 2009), which fits very well with the litter sizes in these breeds. 
Dysfunction of individual teats will also often reduce the litter-rearing capacity of a sow. 
Temporary inability to access all functional teats can also affect the effective teat number. 
This could be caused by: i) the anatomical position of teats under hind legs when the sow 
lies on her side, ii)  metal bars in crates used in many production systems, iii) sow posture 
during suckling resulting either in some teats not being exposed or being too high to be 
reached by small piglets.  
 Litter sizes between 14 and 20 are classified here as ‘large’, and litters of 21 or 
above are classified as ‘very large’. The distinction between large and very large litters is 
arbitrary. In most cases litters of greater than 14 total born (presuming an average level of 
stillbirth) will require some form of management intervention since an individual sow gives 
birth to more piglets than she can sustain. When the majority of litters fall within this zone 
interventions such as cross-fostering and forms of teeth reduction become a routine part of 
farm management. For farms where the sow genetic stock is such that most litters are at the 
low end of this range, or in the small/medium zone, piglets can be readily fostered onto other 
sows because the total number of teat spaces available (i.e. the number of sows farrowing 
on any given day multiplied by the number of teats) will still be greater than the total number 
of live born piglets born minus peri-parturient mortality. However, at some point within a 
production system where large and very large litters are commonplace a further 
management threshold in relation to the total number of teat places in a breeding herd will 
become apparent. On many farms, a number of sows will be farrowing within the space of a 
few days (batch farrowing), so the next relevant threshold relates to the situation where the 
total number of viable piglets born to all sows in a given farrowing batch exceeds the number 
of functional teats of all sows in that batch. If this begins to occur regularly, fostering piglets 
to sows with available teats is no longer a sufficient strategy, otherwise viable piglets will die. 
This describes the current situation in Denmark. At these levels of litter size a different set of 
interventions may be required, for example the use of nurse sows (which raise their own 
piglets before receiving another litter to suckle), which are commonly used in Denmark or the 
use of artificial rearing methods (see ‘management strategies’ section). At such large litter 
sizes the requirement for tooth-reduction may actually be decreased as intra-litter 
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competition is reduced. The point at which the number of piglets produced is above the herd 
capacity of course depends on the herd size, the numbers of sows farrowing at the same 
time, the sow’s capability of nursing large litters and the litter equalisation strategy of the 
herd (e.g. the number of piglets that an individual sow is expected to nurse).  
 As well as average litter size, variability in litter size is also important. When average 
litter size is low, very large litters will still occur but at a low prevalence. When they occur 
infrequently, very large litters can in all likelihood be dealt with by cross-fostering. However, 
relatively small increases in average litter size mean a disproportionate increase in very 
large litters (presuming there is no decrease in variability or other change to the shape of the 
distribution). So with relatively small advances in average litter size (which might still be 
within the boundaries of what a single individual sow could cope with) we quickly move to a 
situation where management interventions become routine.  
 
3. Assessing animal welfare impacts relating to litter size 
 
3.1 The Decision situation 
Before considering the welfare impacts and ethical implications of large litter size in pigs, it is 
necessary to clarify the assessment criteria. There are a number of ethical concerns about 
intensive pig production in general, regardless of litter sizes; however, on the other hand, the 
large production volume also shows a widespread acceptance of the practice of producing 
and consuming pork. In this report, the ethical concerns regarding impacts of increase in 
litter size is separated from an ethical assessment of pig production in general. 
Hence we suggest, firstly, an ethical assessment of the development from 
medium/small litters to large litters (cf. the definitions in Figure 2). Assessing this 
development will largely have to be based on the Danish experience, with the caveat, 
however, that the Danish point of departure for this development is different from that of 
other countries. This development in litter size is summarized by the following figures, based 
on Table 3: 
 Total Born Weaned Post-natal 
deaths 
Stillborn 
DK 1992 12,1 9.9 1.3 0.9 
DK 2008 15.8 12.1 1.9 1.8 
 
The assessment will be made in three steps. First, an assessment of the welfare impact on 
the different groups of animals will be performed (Sections 4-5; See Table one for a 
summary). It will attempt to answer the following questions: 
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• Post-natal death piglets: More piglets die early in life: how does their welfare develop on 
average (i.e. from 1992 to 2008)? How does their lifetime welfare compare with the 
normal life from piglet up to finisher? 
• Stillborn piglets: Do stillborn piglets represent a welfare problem? 
• Weaned piglets: More piglets are weaned: how does their welfare develop on average?  
• The Sow: What is the average welfare impact, of larger litters, on the sow? 
Secondly, it is relevant to assess how new management and breeding strategies for 
large litters are able to improve the situation for each of these groups (Section 6). 
Thirdly, an overall ethical assessment of the development as a whole will be 
performed (Section 7). The assessment of the aggregated overall welfare impacts of the 
development is an ethical issue. We discuss the elements that may enter into this 
assessment. We also discuss whether there could be ethical concerns over and above the 
specific welfare impacts. 
The report will gather information about the biological impact of large litters and the 
management practices and genetic strategies used to cope with them. This collection of 
information will be guided by the evaluation criteria relevant for the welfare assessment. 
These criteria are set up below. Criteria for the overall ethical assessment will be discussed 
in Section 7. 
 
3.2 Philosophical accounts of welfare 
’Welfare’ is a normative concept because it defines the aspects of life it is in the interest of 
an individual to favour or have favoured. However, there has been variation in what different 
authors consider a definition of animal welfare, and this reflects that ‘welfare’ can be 
understood in different ways. For humans, there is a large philosophical literature on the 
notion of welfare, and this is in many ways relevant for the understanding of animal welfare 
as well. The philosophical discussion about welfare has largely been concerned with 
isolating distinct views on welfare and examining their implications. Roughly, three 
competing views have been identified and these can be labelled as hedonism, preference-
satisfaction and objective (cf. Parfit 1984). 
 
3.2.1 Hedonism views 
The hedonism view defines welfare in terms of the quality of the individual’s mental states. 
Originally, this quality was characterized in terms of pleasure and pain, which in turn was 
considered opposites poles on a continuous scale of intensity (e.g. Bentham 1789). 
Recently, however, it has been stressed that both positive and negative mental states make 
up a heterogeneous field of experiences; for instance, physical pain from a specific tissue 
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injury and general nausea do not appear to be different intensities of the same component of 
mental states (Parfit 1984). 
The quality of mental states may of course vary over time. Hence, hedonism may 
give rise to assessments of welfare at a given time; but it may also give rise to assessment 
of life-time welfare for an individual through aggregation of its welfare at all times throughout 
its life. 
 
3.2.2 Preference-satisfaction views 
The preference-satisfaction definition has been inspired by the economic notion of welfare. 
Sometimes, it is understood as referring to experience or feeling of satisfaction resulting 
from having preferences fulfilled. But to put the weight on feelings would make this view a 
variant of hedonism. In order to make it a distinct view, ‘satisfaction’ has to be understood 
simply as the obtaining of a certain state of affairs (like when the clause of a contract is 
satisfied), without reference to the experiences this may involve (Griffin 1986). However, 
since this view appears to play no role in the literature on animal welfare, we can leave it 
aside. 
 
3.2.3 Objective views 
A third group of views are objective in the sense that they pick out features that makes life 
good for the individual regardless of how the individual subjectively perceives them. An 
example of such an item could be ‘good health’ which might be considered good for the 
individual, regardless of whether the individual prefers to be in good health or feels better off 
by being in good health. 
For animals, a subgroup of objective views known under the name of perfectionism is 
particularly relevant. The basic idea is that a good life involves realising (‘perfecting’) the 
potentials inherent in the individual’s nature. Traditionally, human nature, or the essence of 
human beings, has been characterized by definitions such as rational animal, social animal 
or political animal. Since the Enlightenment, such definitions have been considered rather 
vague and arbitrary, and the focus has consequently been on the more subjective views on 
welfare. Recently, however, attempts have been made to revive perfectionist ideas (Hurka 
1993). 
These revivals have perhaps been most successful for non-human living organisms, 
where the concept of an individual’s nature can be given a clearer meaning. According to 
this view, an animal’s nature is how this species normally will develop without interference, if 
it lives under suitable and favourable conditions (roughly, in the kind of environment to which 
it is evolutionarily adapted with sufficient possibilities to sustain itself) (Taylor 1986). 
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3.3 Animal welfare 
The meaning of “animal welfare” has been the subject of much discussion (e.g. Fraser et al., 
1997) and given that it is used to refer to an ethical rather than scientific concept there is no 
single correct definition. Many authors define ‘welfare’ along hedonist lines in so far as they 
propose that ultimately what matters is how an animal feels and whether it suffers (Dawkins, 
1990; Duncan and Petherick, 1991; Duncan, 1996). It should be noted that hedonism does 
not imply that pain and suffering should always be avoided. Sometimes, a painful experience 
in the short term may lead to more pleasurable states in the longer term. For instance, 
animals entering into aggressive interactions may accept some degree of pain in order to 
gain access to food or sexual partners. Another point about pain is that, for humans in pain, 
it makes a lot of difference if the person knows that the pain will only last a certain time. But 
an animal in pain may not know whether the pain will go away or last forever (see Mendl and 
Paul, 2008). Alternatively, for humans, pain can be additionally distressing when it has 
specific negative implications for the future that the individual is aware of. 
For animals, much of the research into farm animal welfare has generally been 
focused on the alleviation of negative states of suffering such as fear, stress, pain and 
various forms of disease. However, from a hedonistic perspective, positive states are also 
important; and more recently there has been increasing interest in concepts of 'positive 
welfare' where welfare is not only achieved through an absence of negative states, but also 
through providing for positive experiences and emotions in animals (Boissy et al., 2007; 
Yeates and Main, 2008; FAWC, 2009). This trend is reflected in the UK Animal Welfare Act 
(2006) which requires animal keepers not only to protect their animals against cruelty but 
also to meet the full range of their needs including positive ones, such as the expression of 
normal behaviour patterns.  
Some authors have taken an interest in animal preferences and set up various 
choice experiments to study them (e.g. Dawkins, 1983; Mason et al., 2001; see Kirkden and 
Pajor, 2006 for a review). However, it is our judgment that this has not been motivated by the 
view that animal welfare consists of preference-satisfaction as described above. Rather, 
preferences have been seen as an indicator of underlying motivating states. Roughly, the 
hypothesis has been that affective states such as pain and pleasure have served as 
guidance for the development of an animal’s choice behaviour throughout evolution; and 
therefore, an animal’s choices under suitable environmental conditions are a good indicator 
of its mental states. In other words, the understanding of welfare has still been hedonistic. 
Others take a more objective view and regard welfare as equivalent to a lack of 
disease and normal physical functioning. Broom is typically put forward as a proponent of 
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this view. Broom’s often quoted definition of animal welfare is: “The welfare of an individual 
is its state as regards its attempts to cope with its environment” (Broom, 1986). 
Historically, the distance between these two views has often been portrayed as being 
larger than it really is. Few hedonists would deny that health is very important for the mental 
states of an animal. Even if some disease is not felt by the animal at the time, it is likely to be 
experienced at a later time. This appears to be the observation underlying Dawkins’ (2003) 
proposal that welfare can be defined by two questions: “is the animal healthy?” and “does it 
have what it wants?” Broom also emphasizes that feelings are involved as part of the coping 
success of the animal (Broom, 1998). 
There has also been much discussion within the literature on concepts of naturalness 
or telos, relating to perfectionist ideas (‘telos’ refers exactly to the inherent nature of an 
animal). Such ideas appear prominent among lay people and also within organic farming 
(Lund and Röcklinsberg, 2001). However, as applied to farm animals, perfectionism raises 
many questions because the whole idea of domestication and use of animals for human 
purposes seems to violate the ideals of a natural life. Even so, proponents of the view derive 
some clear priorities from it regarding animal welfare. These priorities are concerned with 
assessment of welfare on a general level rather than assessments of individual welfare. One 
such priority is the importance of freedom of movement. It seems doubtful to characterize 
the environment of farm animals as ‘natural’. Still, the environment should allow the animal 
to express its evolved behaviour patterns. As it was expressed in the Brambell Report 
(Brambell, 1965, paragraph 37): 
‘…we disapprove of a degree of confinement of an animal which necessarily frustrates 
most of the major activities which make up its natural behaviour’.    
Some early proponents of this definition extended this from ‘most of the major activities’ 
to hold that to prevent suffering an animal needs ‘to perform all the behaviours of its 
repertoire’ (Kiley-Worthington, 1989). However, as many behaviours have evolved as an 
adaptation to deal with an adverse situation (distress calls in isolation, fleeing from a 
predator and so on), it seems that performance of the whole behavioural repertoire is not 
necessary, only those parts of it that the animal perceives to be important in the more 
protected environment of a farm (Dawkins, 1998).  
Another priority is often described through the concept of animal integrity, which has 
been defined as  
‘the wholeness and completeness of the species specific balance of the creature, 
as well as the animal’s capacity to maintain itself independently in an 
environment suitable to the species’ (Rutgers and Heeger, 1999).  
Hence, we should not infringe the animal’s physical wholeness (such as castration or tail-
docking), but instead create conditions where the animal has a life that accords with their 
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species-specific capacities and adaptation patterns: conditions where the animal can flourish 
and its inherent potentials can be fulfilled.  
A third priority concerns the handling of disease. Interference with the natural course 
of disease is not natural. This priority is clear in organic farming, where the organic Principle 
of Health implies that “[i]mmunity, resilience and regeneration are key characteristics of 
health” (IFOAM 2005). From this follows the organic restrictions on the use of medicine. 
However, this is a point where disagreements arise. Many lay people, and also many 
scientists inspired by the perfectionist notion of animal welfare, will insist that is better for the 
individual animal to get treatment in the case of disease and thereby avoid suffering (e.g. 
Lassen et al., 2006). This shows that many people inspired by perfectionist ideas about 
natural life are likely also to appeal to hedonism and thereby hold a mixed view. The 
perfectionist account of welfare is largely relevant for the overall assessment of different 
forms of practice. We shall therefore postpone discussion of development from 
small/medium to large litters from a perfectionist perspective until Section 7. 
Welfare implications will thus largely be assessed according to hedonism. Ultimately, 
we cannot measure welfare as it is a private property of the individual’s conscious 
experience. However, it is possible to assess welfare by measuring parameters within the 
areas of behaviour, physiology, neurophysiology, disease, and physical factors. Each of 
these parameters has advantages and disadvantages. It is becoming more apparent that 
integrating the different approaches provides a more global and thorough assessment of an 
animal’s welfare than single parameter measurement (Webster, 1998). It is equally important 
that the biological basis of each of the measures used and how they relate to each other is 
fully understood before they are used as welfare indicators (Rushen, 2003). Such animal 
based measures (Whay et al., 2003) are the end result of an integration of the effects of the 
physical and social environment and all the experiences that the animal has in that 
environment, as well as the degree of immune challenge that the animal faces.  
 
3.4 Relevant alternatives and the non-identity problem 
It is often assumed that, in order for an event to have a welfare impact on an individual in 
hedonistic terms, the individual should be alive and experience the event as making a 
difference in the quality of its mental states. However, this assumption appears to be based 
on a misunderstanding. An event can harm an individual, regardless of whether this is 
experienced as bad or not, simply by making it less well off than it otherwise would have 
been; or to put it in hedonistic terms: if the event deprives the individual of positive mental 
states it would otherwise have enjoyed (Broome 1993). 
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Suppose, to give an example, that a farmer decides to change housing conditions for 
his finishers, and that the animals as a consequence become less fit than earlier finishers 
were before the change. A new finisher will never experience that this change of practice 
has happened. Nevertheless, it is harmed because it is deprived of the better mental states it 
would have enjoyed, had the change not taken place. On the assumption that the animal 
has to experience the event as unpleasant, there is no welfare impact of the change. But if 
we compare the welfare resulting from the two housing conditions, it seems clear that 
welfare has decreased. Hence, the assumption must be false and, in relation to the topic of 
this report, we can allow for the possibility that increasing litter size could be considered 
detrimental to piglet welfare even when no unpleasant experiences are associated with it. 
Hence, all hedonistic assessments of welfare impacts are concerned with the 
difference in welfare between two alternatives. When it is said that a certain action or 
practice has a negative or positive welfare impact on an individual, this impact is conceived 
as relative to some specified alternative. It is therefore very important to be clear about what 
the base-line alternative is. As was made clear in Section 3.1, we consider two comparisons: 
the development from small/medium litters to large litters, and various strategies for welfare 
improvements of status quo of large litters. 
It still appears to be a necessary condition of a welfare impact on an individual that this 
individual is alive, i.e. that the individual exists in both alternatives. But consider a situation 
like this (Parfit, 1984): 
The 14-Year-Old Girl. This girl chooses to have a child. Because she is so young, 
she gives her child a bad start in life. Though this will have bad effects throughout 
this child’s life, his life will, predictably, be worth living. If this girl had waited for 
several years, she would have had a different child, to whom she would have 
given a better start in life. 
The example implies that the child that will come to life when the girl is 14 is numerically 
different from the child that will come to life when the girl is older. We can assume that the 
exact identity of an individual is determined by the joining of a particular ovum with a 
particular spermatozoon. Hence, when we compare the two situations, it is not the same 
individual which will have a worse life by being born earlier. In either alternative, some 
individual is brought to life, but the girl’s choice has no impact on an individual’s life in the 
sense that this individual is worse off in one alternative than in the other. Parfit calls this the 
Non-Identity Problem. 
Opinions divide concerning whether an example like this should make us say that 
bringing an individual into existence with a certain level of welfare is a welfare impact on this 
individual. Some authors are in agreement with this, whilst others hold to the necessity of the 
individual existing in both alternatives. However, regardless of whether the welfare 
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differences are understood as impacts on individuals, or they are assessed from an 
impersonal perspective, there is widespread agreement on the following points: 
• When we consider ‘Same Number’ choices, i.e. choices where the same 
number of individuals exist in all alternatives, the relevant comparison is how 
well off the (possibly different) individuals are in these alternatives. Hence, if 
we compare the case, where the girl has a child at 14 with the case where she 
has a child later, the latter alternative is better, because the child in this 
alternative lives a better life. This is clearly relevant for the assessments in this 
report. When we compare alternatives at different times, it is obviously not the 
same individuals who exist in these alternatives. Thus, when we ask about the 
welfare impact on the sow of larger litters, it is not an impact on one and the 
same sow; rather, we compare the average lifetime welfare of a sow in 1992 
with the average lifetime welfare of a sow in 2008. 
• When we consider ‘Different Number’ choices, i.e. choices where a different 
number of individuals exist in the alternatives, it is necessary to assess the 
value of bringing extra individuals to life on top of comparing the welfare of the 
number of individuals existing in all alternatives. Hence, if we compare the 
case that the girl has a child with the case that she has no child at all, then, 
apart from the impact on the girl, it is necessary to assess the coming into 
existence of a child as compared with this child not coming into existence; i.e. 
how does living a life compare with no life? 
From the perspective of this report the equivalent issue is that larger litters have 
more ‘life’ than smaller litters. Although it could be argued that given a fixed demand for a 
certain supply of pig meat products, there will not really be any more pigs, just fewer sows to 
produce the same number of growing pigs. Of course this over-simplifies a bit as the 
demand is not necessarily fixed.  In practice, larger litters may in fact result in a larger supply 
of pork from the same number of farms with the same number of sows. 
The assessment comparing small/medium litters with large litters is thus concerned 
with a Different-Number-Choice. This comparison involves comparing the lifetime welfare of 
the same number of piglets in the two alternatives. But in addition, it involves the 
assessment of lifetime welfare of the additional number of individuals. This assessment 
cannot be made in terms of the difference in lifetime welfare relative to the life in another 
alternative; it has to be made in absolute terms. 
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3.5 Welfare impacts of dying 
What is bad about death? In this section we shall consider how, and to which extent, dying 
makes life worse for an individual. Answering this question raises many complications. From 
an ethical perspective, there is the further complication that it may make a difference 
whether the death is the result of a deliberate killing, or it is an unintended consequence of a 
practice with another motive. We shall consider this difference in section 7, but it is not an 
issue here. From a perfectionist perspective, the main issue about dying is to which extent 
the death can be considered unnatural. We consider this issue in section 7. Thus, in this 
section we shall look at the badness of dying from a hedonistic perspective. 
All agree on the point that, if dying is experienced as bad, this will count as a 
negative welfare impact. But again, the assessment is a matter of comparing with the 
relevant alternative. Hence, dying may also be bad to the extent it deprives the animal of 
welfare it would otherwise have enjoyed (Yeates, 2010). This seems obvious, if we look at 
humans. Suppose a young person at 20 dies in her sleep without ever knowing. To say that 
her welfare is unaffected by this event appears absurd. 
However, the view that, apart from the experience of dying, the badness of dying is a 
matter of the welfare of which the individual is deprived, has also been criticised. This is 
because it is at odds with some of our basic intuitions about the badness of dying. It implies 
that it is less bad if an older person dies than if a younger person dies. Most people would 
accept that. But it also implies that it is even worse, if an infant (with normal life expectancy) 
dies; and it is still worse if a fetus or even an embryo (likewise with normal life expectancy) 
dies. And many people have the opposite intuition that these deaths would be less bad, the 
earlier the better. 
This observation has led to a revision of the deprivation view known as the Time-
Relative Interest Account (McMahan, 2002). On this view, the deprivation by dying is a 
matter of, at the time of dying, how strong the individual’s interest in continued life is. An 
individual’s interest in future life is concerned with plans, expectations, hopes and intentions 
that connect its present self with itself at future times. To the extent that these psychological 
connections into the future are weak, the loss of being deprived of this future is discounted. 
Thus, a person at 20 may have strong psychological connections to her future self, whereas 
a fetus or an infant may have none or only very weak psychological connections to their 
future selves. Hence, their loss at the time of dying is considerably less than the loss of the 
20 year old person.  
There is considerable debate over the extent to which animals are capable of 
conceiving of the future (Suddendorf and Corballis, 2007; Mendl and Paul, 2008; Clayton et 
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al., 2009). However, it is highly unlikely that they have any major psychological connection to 
the future and are probably more akin to human infants on this measure. 
The Time-Relative Interest Account is also not entirely satisfying (Holtug 2010). It is 
based on a new condition for negative welfare impacts of an event, namely that the 
individual at the time when the event happens is psychologically connected to what it is 
deprived of. But if there is a loss of welfare, and the experience at the time does not make a 
difference, why should psychological connectedness at the time make a difference?  
In both cases, the relevant alternative should be specified. In general, we shall 
compare the early death of a piglet with the normal life expectancy of a piglet. However, for 
some assessments, this may not be a viable alternative. We discuss this further in 
connection with overall ethical assessment of alternatives in Section 7. 
 
3.6 Summary of welfare assessment criteria used in the report 
• From a hedonistic perspective, it is relevant to consider the animal’s life time welfare, as 
compared with the lifetime welfare of a similar animal in a relevant alternative. For the 
assessment of the development from small/medium litters to large litters, this involves: 
o The Sow: How does lifetime welfare develop on average with larger litters? 
o Weaned piglets: How does their lifetime welfare develop on average with larger 
litters? 
• Particularly concerning hedonistic assessment of the welfare impact of dying, it is 
relevant to consider how the death is experienced; to which extent is the animal’s 
interest, at the time of dying, in continued life frustrated; and how much lifetime welfare is 
the animal deprived of by dying: 
o Post-natal death of piglets: For different times and causes of death: How 
conscious and sentient is the animal? How does it experience its death? How 
does its lifetime welfare compare with the normal life from piglet up to finisher? 
Under which circumstances could it have survived, and what life would that have 
implied?  
o Stillborn piglets: Is a stillborn conscious and sentient at the time of dying? Under 
which circumstances could it have survived, and what life would that have 
implied? 
For an assessment of the animal’s experience of dying, and for the assessment of 
the animal’s time-relative interest in continued life, it will be necessary to make assumptions 
about the onset of sentience, and about the extent to which an animal at various stages of its 
development is psychologically connected to its future life stages. This issue is discussed in 
section 4.4.5. 
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4. Welfare impacts on the piglet 
 
 
SUMMARY: 
 
Increased litter size is associated with increased total piglet mortality. 
• There is a consensus in the literature that increased litter size is associated 
with increased neonatal mortality. However, levels of live born mortality in 
Danish pig production, whilst high, are comparable to other countries, with 
lower total litter sizes, implying that Danish pig farmers are managing large 
litter sizes reasonably well. 
• Neonatal mortality represents one of the most significant negative animal 
welfare impacts of large litter size. Although the welfare impact of different 
types of death will likely vary, in some cases substantial suffering may occur 
before death.  
• The prevalence of stillbirths is seen to be higher in Denmark as a consequence 
of selection for large litters. The scientific arguments suggesting that stillborn 
piglets may not suffer are convincing but remain untested in the pig. 
Furthermore there remains some uncertainty about the proportion of piglets 
recorded as stillborn that were indeed dead before expulsion.  
 
There are a number of additional welfare concerns relating to large litter size 
in piglets that survive the neonatal period. 
 
• Many of the causes of mortality (chilling, starvation, injury, disease), may also 
occur in lesser forms that cause suffering in surviving piglets. 
• The phenomenon of lowered birth weights and associated effects on piglets 
that survive the perinatal period deserves consideration from a welfare 
perspective. Low birth weight is associated with a variety of negative long-term 
effects on piglet physiology and behaviour, such as increased stress reactivity, 
which may impair the health and welfare of some individuals.  
For some piglets being born into a large litter may have other consequences 
for their postnatal experiences. 
• Large litters are associated with intense teat competition and increase the 
likelihood that some piglets may not gain adequate access to milk (which has 
many negative effects including limiting colostrum intake, impairing 
thermoregulation and causing possible hunger). 
• Management responses to large litter sizes, such as ubiquitous cross-fostering 
and the use of nurse sows also raise several welfare related questions. 
However, there remains uncertainty over the extent to which these impair 
welfare. 
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4.1 Intra-uterine crowding and uterine hormone exposure 
Issues relating to intrauterine growth retardation in pigs have been reviewed and discussed 
previously (Ashworth et al., 2001; Foxcroft et al., 2006). As discussed earlier (section 2.1) 
pig species have a natural propensity to conceive large numbers of offspring. Prenatally this 
is demonstrated with high ovulation rates providing the surplus offspring and uterine space 
representing the limited resource. Of the released ova, 30-50% fail to survive through 
gestation (Anderson, 1978; Pope, 1994; Geisert and Schmitt, 2002) and those that do 
survive must compete to acquire adequate uterine space for blood flow and delivery of 
nutrients vital for sustaining life. Several studies looking at embryonic survival have indicated 
that prior to and during conceptus elongation, conceptuses can alter the uterine environment 
by secreting oestrogen (Anderson, 1978; Geisert et al., 1991; Pope, 1994; Krackow, 1997). 
As a result of asynchronous elongation, some conceptuses will be more advanced than 
others and the more developed ones are able to release oestrogen, in the form of estradiol 
17β (E2β), creating a potentially hostile uterine environment for their less developed 
littermates, impeding elongation and resulting in degeneration. Runt piglets may implant later 
than the rest and this might explain why increased crowding in the uterine horns leads to 
increased runting (Perry and Rowell, 1969; Dzuik, 1985). Asynchronous development means 
smaller embryos are disadvantaged and the proportion of underdeveloped embryos is 
similar to the proportion of early embryonic loss (~20-45% before day 25: Bazer et al., 2001). 
Asynchronous development may be part of the natural reproductive strategy of the pig. In 
the wild, under sub-optimal post-natal conditions litter size heterogeneity may mean that 
smaller piglets die off more quickly allowing their larger siblings to survive relatively 
unaffected (Fraser, 1990). Such an effect has also been postulated to explain asynchronous 
hatching as an adaptive response to unpredictable food supply in bird species (known as 
“Lack’s hypothesis”). For those embryos that do survive, their further growth and 
development as fetuses may be compromised by intra-uterine crowding, since size variability 
within a litter can lead to higher post-natal mortality, for various reasons including teat 
competition. However, embryo heterogeneity is not the norm for all pig breeds. Meishan pigs 
have greater homogeneity in early embryo size and this could be one reason why they have 
greater litter sizes and lower embryo loss (Bazer et al., 2001). The same effect is seen in gilt 
litters of European breeds, where lower birth weight is associated with reduced variation and 
no impact on piglet survival (Thorup and Musse 2010). 
 
4.2 Still births, birth difficulties and asphyxia 
For humans, stillbirths are defined in the UK as: “any child expelled or issued forth from its 
mother after the 24th week of pregnancy that did not show any other signs of life…” (Stillbirth 
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definition Act 1992). As the whole litter is born at the same time, and as piglets are not 
considered viable if born before day 107 of gestation, then definitions are somewhat different 
in pig production. Stillbirths can be divided into antepartum deaths which occur before 
parturition (often referred to as type 1 stillbirths or “mummies”) and intrapartum deaths which 
occur during parturition (type 2: Alonso-Spilsbury et al., 2005). Type two stillborn piglets may 
have died just before expulsion was initiated, during expulsion or just after being expulsed. 
Type one stillbirths are recorded in some countries but not in others, making international 
comparisons of stillbirth prevalence difficult. More generally, in pig production individual 
causes of mortality can often be misrecorded on-farm (Vaillancourt et al., 1990, 1992; 
Edwards et al., 1994) and this raises the possibility that a proportion of the stillborn piglets 
are actually postpartum deaths of low viability piglets rather than true stillborns.  
The amount of late fetal development and maturation is a predisposing factor in 
survival (Randall, 1972b; van der Lende et al., 2001). In the final days preceding farrowing, 
the fetus experiences an increase in growth rate (Biensen et al., 1998) and development, 
with final physiological preparations for extrauterine life. In the human literature, premature 
infants are often physiologically compromised with reports of a higher incidence of 
respiratory distress syndrome (e.g. Lauterbach et al., 2001). It is possible that premature 
induction (<114d gestation) of piglet birth may result in a compromised neonate with 
suppressed lung maturation or a stillborn piglet. The risk of early parturition increases with 
increasing litter size (Leenhouwers et al., 1999; Rydmer et al., 2008; Vanderhaeghe et al., 
2010ab, 2011), possibly as a result of an acceleration in the maturation of the fetal HPA axis, 
resulting in the initiation of the parturition process and higher fetal cortisol levels reaching the 
uterus (Van Dijk et al., 2005). This shortening of gestation could be compared with the effect 
of farrowing induction, where when gestation is decreased by one day, birth weight is 
reduced by 100g on average. Despite this, several investigations (Straw et al., 2008; Olson 
et al., 2009) indicate that piglet survival following induction can be acceptable, thus possibly 
excluding the theory of immature piglets (although see Gunvaldsen et al., 2007). Premature 
farrowings have been suggested to affect colostrum composition and intake by piglets (Milon 
et al., 1983; Jackson et al., 1995). In these studies sows were artificially induced to farrow 
prematurely at 109d or 112d of gestation respectively. 
A piglet with immature lungs will be at risk from hypoxia and may be stillborn. 
Hypoxia occurs when the neonate experiences oxygen deprivation generally as a result of 
perinatal asphyxia during parturition, or postnatally if the lung surfactant factor is not 
functional or if a piglet is born inside the placenta, but may also occur in utero as a result of 
poor oxygen supply via the placenta. Dystocia (difficult births) can result in hypoxia. 
Prolonged farrowing duration, litter size and the position in the birth order all influence the 
extent of hypoxia (Herpin et al., 1996). In a population genetic study, Canario et al., (2006a) 
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found genetic correlations showing that increasing total litter size was associated with longer 
farrowings and higher stillbirths. Piglets born later in the birth order are subjected to 
successive uterine contractions, and experience a greater risk of damage, occlusion or 
rupture of the umbilical cord or detachment of the placenta (Herpin et al., 1996) and are 
more likely to be stillborn than piglets born earlier (Baxter et al., 2008). Given the 
relationships described between litter size and premature parturition and the relationship 
between birth weight and litter size (to be discussed later), it might be presumed that low 
birth weight piglets are at the greatest risk from hypoxia and stillbirth, however this is not 
necessarily the case. There is a curved relationship between birth weight and stillbirth 
(Roehe and Kalm, 2000) and very large piglets can be equally at risk from hypoxia most 
likely as a result of birthing difficulties whilst passing through the birth canal. 
Meconium aspiration syndrome (MAS) is a risk factor for stillbirth or early postnatal 
death either by reduced vitality (impairing behavioural landmarks such as reaching the udder 
and successful suckling, therefore effecting thermoregulation and colostrum intake), 
myocardial dysfunction or lung damage (Mota-Rojas et al., 2002; Alonso-Splisbury et al., 
2005). MAS occurs when the fetal piglet experiences asphyxia and a surge in fetal cortisol 
levels cause the sphincter muscle to relax and thus a release of faecal matter (meconium) 
into the placenta ensues. When the fetus experiences severe distress (e.g. a surge in 
uterine pressure) it can aspirate this meconium and placental fluid. Such a surge in pressure 
can be a consequence of the misuse of drugs designed to speed up the farrowing process 
(Mota-Rojas et al., 2002). Some piglets are born alive but swallow a lot of placental fluid 
and/or meconium and then die – effectively these piglets drown in their own placental fluids 
and are often thought of as being stillborn.  
The transition from prenatal to postnatal life is a critically important time point in the 
life of any individual. For most species it represents the most dramatic change in 
circumstances that will be experienced during the whole life cycle. Difficult birthing 
processes can impact upon welfare of both the mother and delivered offspring (depending 
on whether these offspring are thought to be sentient and conscious: see section 4.4.5). 
There is much evidence that fetal physiology alters in the lead up to birth in preparation for 
postnatal life. Of critical importance in that process is the level of glucocorticoid hormones 
(cortisol in the pig) (Liggins, 1994). There is also evidence that the process of birth itself may 
impact on later health and well-being. In sheep and humans the passage of the fetus 
through the birth canal or experiencing uterine contractions is important for the onset of 
breathing movements and thermoregulation. This could contribute to problems for very low 
birth weight piglets that may not experience the same physical stimulation compared to 
larger individuals. There is related evidence of long-term implications for pig physiology 
(Daniel et al., 1999, 2008; Carroll et al., 2000) and immune function (Daniel et al., 2008) of 
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being born via a natural vaginal birth or a caesarean section. Generally, piglets born by 
caesarean section appear less suited for life than vaginal born piglets (Sangild et al., 1995). 
Given these effects it follows that there may be long-term implications of variation in the birth 
process. Increasing litter size is associated with a longer duration of farrowing (Van Rens 
and Van der Lende, 2004; Canario et al., 2006a), but in a shortening of the expulsion phase 
of the individual piglet. 
In cattle, dystocia has also been shown to impact negatively on neonatal 
thermoregulation (Stott and Reinhard, 1978; Adams et al., 1995), uptake of immunoglobulins 
(Vermorel et al., 1989; Bellows and Lammoglia, 2000; Waldner and Rosengren, 2009), 
behavioural vitality (Adams et al., 1995; Bellows and Lammoglia, 2000; Hickson et al., 2008) 
and on health outcomes (respiratory and digestive diseases: Lombard et al., 2007). 
 
4.3 Teat competition and establishment of the ‘teat order’  
Piglets find and take ownership of a certain teat during the hours after they are born (Scheel 
et al., 1977), and then consistently return to this teat at each suckling (teat fidelity; Newberry 
and Wood Gush, 1985; de Passillé et al., 1988). After about the first 12 hours, milk is only let 
down from the teats for a few seconds once or twice an hour (Fraser, 1980). Consequently 
there is competition to take possession of functional teats through which a stable ‘teat order’ 
emerges in which piglets occupy the same teats at each suckling bout (Fraser, 1975; de 
Passile and Rushen, 1989). The heaviest piglets are more likely to win in fights for teats 
(Scheel et al., 1977; Graves, 1984) and these strongest piglets may occupy the most 
preferred anterior teats (McBride, 1963; Puppe and Tuchscherer, 1999; but see de Passillé 
and Rushen, 1989). Piglets massage the udder with a rooting motion of their snouts, 
stimulating milk production in general and at their teat in particular (Spinka and Algers, 1995; 
Torrey and Widowski, 2007). Once a teat order is established, piglets defend their teats at 
each suckling (de Passillé et al., 1988), and vocalise if their teat is not available (Appleby et 
al., 1999). Teats which are used remain productive while un-used teats rapidly involute (Kim 
et al., 2001). 
In larger litters there is inevitably greater competition for productive teats or indeed 
for any teat (Milligan et al., 2001b). Piglets which cannot get a teat at all face a critical 
situation and typically starve to death in the first one to three days (English and Smith, 1975, 
Hartsock and Graves, 1976, Fraser et al., 1995). Occasionally more than one piglet will 
share one teat and this usually also causes problems for at least one of the sharing pair (de 
Passillé et al., 1988).  
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4.4 Perinatal mortality and welfare implications 
 
4.4.1 Overview of relationship between litter size and piglet mortality 
All else being equal, larger litters have higher piglet mortality (Blasco et al 1995; Sorensen et 
al 2000), and lower piglet weights (Kerr and Cameron, 1995; Roehe, 1999; Sorensen et al., 
2000), and small piglets have a higher risk of mortality (see section 4.4.2). On the other 
hand, Cecchinato and others (2008) found that piglet survival chances were reduced in both 
small (<6), large (12-14) and very large (>14) litters compared to intermediate litters (6-11), 
reflecting the fact that small litters often reflect a pathology in reproduction.  
Despite the association with higher mortality, if an increase in litter size increases the 
number of weaned piglets, then it is beneficial for farm production. If not then an increase in 
litter size will be economically counter-productive. Danish production data indicate that an 
increase in litter size from 11.5 total born piglets in 1992 to 15.9 total born piglets in 2009 
resulted in an increase in weaned piglets per litter from 9.5 to 12.1 piglets. In an early 
consideration of the impact of large litters on mortality, Blasco et al. (1995) found that with an 
increase in litter size from 6-8 to 16-18, neonatal mortality increased from 10-15% to 
approximately 45%. The fact that today in Denmark average litter size is above 16 and yet 
the total mortality rate is much less than this reflects two things: 1) the relative success in 
Danish management, and 2) that the genetic correlation between litter size and mortality rate 
is <1 (i.e. genetically speaking, increased litter size is not always accompanied by higher 
mortality), as is evident from genetic trends in purebred Danish sows since the introduction 
of LP5 on the selection criterion, resulting in increased litter size and a reduced mortality 
(see section 6.1). 
Interestingly a recent study of European organic pig farms found an even higher 
average level of piglet perinatal mortality (30.65%: Sundrum 2011), from a much lower 
average total litter size (12.4) highlighting that this issue can be a problem even for sectors 
of production that specifically aim to operate to high welfare standards and in tune with 
natural production methods. 
 
4.4.2 Piglet birth weight and birth weight variation within a litter 
The negative relationship between litter size and birth weight (on average, larger litters have 
smaller piglets: Wolf et al., 2008) is of critical importance to many aspects of piglet welfare 
and has been discussed for close to one hundred years (Hammond 1914).  As well as being 
associated with lower birth weight, large litter size is associated with increased within-litter 
weight variation (Wolf et al., 2008; Quesnel et al., 2008). It is widely thought that birth weight 
is the most important factor for piglet survival (Gardner et al 1989; Kerr and Cameron, 1995; 
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Roehe and Kalm, 2000; Knol et al., 2002ab; Fix et al., 2010). Roehe and Kalm (2000) 
reported 40% pre-weaning mortality in pigs with a birth weight of lower than 1kg, 15% 
between 1-1.2kg and only 7% when birth weight was above 1.6kg. Quiniou and others 
(2002) have showed that increasing litter size from ≤11 to ≥16 resulted in a reduction of 
mean birth weight from 1.59Kg to 1.26Kg. This corresponded to a mean decrease of 35g for 
each extra piglet born.  
Smaller piglets within a litter are often termed runts but their weight may not be the 
only indicator of their viability. Measures of body proportionality such as the ponderal index 
(birth weight/ (crown–rump length)3) have been shown to provide a valuable indicator of 
mortality risk for instance (Baxter et al., 2008). Small for gestational age (SGA) piglets have 
more potential to recover given proper management than those that have suffered some 
degree of intrauterine growth retardation (IUGR) which may have other abnormalities 
meaning that they have low viability (Fowden et al., 2005, 2006). Although individual papers 
often provide unambiguous definitions of what were regarded as SGA and IUGR piglets 
these definitions are not applied unanimously across studies. Generally, SGA piglets are 
those weighing less than the tenth percentile at birth (Bauer et al., 1998), yet have reached 
their genetic potential for intrauterine growth, displaying normal allometry. IUGR piglets, 
however, do not reach their intrauterine growth potential, displaying asymmetrical growth 
(Bauer et al., 1998). Recent studies looking at the gross shape and size of piglets suggest 
that IUGR piglets are disproportionately long and thin (Baxter et al., 2008) and it is possible 
that such piglets are pathologically growth impaired. Older data (Royston et al., 1982) 
suggested that, statistically, runt piglets form a discrete subpopulation: these animals are 
attached to proportionately less placenta with less placental blood flow (Wootton et al., 
1977), have altered muscle development (Handel and Stickland, 1987), which almost 
certainly impairs their growth potential, and impaired thermoregulatory abilities (Hayashi et 
al., 1987).  
Being born of low birth weight and in a large, heterogeneous litter not only increase 
the risk of being born dead (see section 4.2), but also of death in the postnatal period. The 
main causes of neonatal piglet mortality are chilling, starvation and crushing by the sow, and 
these three causes interact (Edwards, 2002). Small light piglets are at risk of starvation as 
they are often excluded by teat competition from access to productive teats, and if they gain 
access to a teat, may be less efficient at stimulating and draining it effectively. Piglets are at 
additional risk from disease if they have failed to acquire sufficient immunity in the immediate 
postnatal period. In addition, low birth weight piglets show poorer thermoregulatory abilities 
(Herpin et al., 2002) and are therefore more at risk from chilling, which can weaken an 
already vulnerable neonate making it less vigorous when competing at the udder and 
potentially less responsive to the movements of the sow. For all piglets the udder is a 
 46 
 
potentially risky area. Piglets seek the udder for colostrum, milk and warmth, but are at 
greater risk of being crushed by an unpredictable mother, often 250 times their weight. For 
low birth weight piglets, the risk of crushing is increased because they spend longer near the 
sow’s udder (Weary et al., 1996). Thus it is possible that a vulnerable neonate may 
experience chilling, starvation and then crushing (Edwards, 2002), which highlights the 
considerable welfare issues surrounding piglet mortality. The majority of pre-weaning 
mortality occurs in the first 72 hours of life (Edwards, 2002). However, later death can occur, 
particularly from disease, and as such maintaining optimum hygiene is an important 
husbandry practice in the farrowing house.  
Larger pigs at birth is, however, not only positive either, as birth weight is genetically, 
positively (and therefore unfavourably) correlated to proportion of stillborn piglets (Grandison 
et al., 2002; Damgaard et al., 2003). Moreover, larger pigs may have negative effects on the 
sow during gestation and labour. 
 
4.4.3 Maternal behaviour 
Due to the common causes of death, piglet mortality is clearly a welfare issue for piglets. In 
addition, there are possible additional impacts on mortality through effects of litter size 
selection on the maternal behaviour of the sow. A large litter competing for teats and fighting 
at the udder can cause disturbance and pain for the sow, resulting in increased posture 
changes and a consequent increased risk of crushing and also of chilling and starvation if 
she does not settle to allow colostrum intake. Not only are there immediate consequences 
for the piglets, but a poor mother may limit her longevity in the herd. Sows that display 
savaging behaviour towards their piglets are selectively culled (Chen et al., 2008) and sows 
responsible for high levels of crushing may also be culled. Andersen and colleagues (2005) 
have also suggested that the higher level of crushing seen in larger litters could be part of an 
adaptive strategy that sows have to limit maternal investment. 
 
4.4.4 Comparative aspects of litter size and mortality species 
Direct comparisons of mortality figures between wild boar and domesticated species are not 
possible. Although wild boar mortality figures can be much higher than those recorded in 
domestic pigs the time scales are different. Juvenile mortality figures in wild boar tend to be 
recorded over the first year of life, whereas mortality in domestic pigs is usually calculated to 
weaning. Wild boar mortality estimates (Appendix three) are highly variable. However, the 
generally high wild boar mortality figures do emphasise the reproductive strategy that pig 
species have adopted, i.e. a strategy based on high production during times of plenty and an 
associated high mortality level. Given that pig species have adopted a reproductive strategy 
based on producing a large number of expendable offspring, it has been suggested (SVC, 
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1997) that as a consequence of this natural biology of the pig “there may be a ‘normal’ 
baseline mortality in pigs, which may prove to be very difficult to get below”. 
From one perspective one of the major advances of domestication has been a 
dramatic reduction in mortality levels. When thinking about the implications of litter size in 
pigs in terms of the societal acceptability of mortality it may be helpful to look at other 
species. Some points of comparison might come from other (litter bearing) mammals that fall 
under human care.  
Rabbits are one species that have analogous litter sizes to pigs, and for which there 
are data on both wild populations and farmed populations (which have also been genetically 
selected for increased litter size: Mgheni and Christensen, 1985). In one study wild rabbit 
pup mortality was observed at 32.4% on average but reached 100% in some litters (Rödel et 
al., 2009). Rashwan and Marai (2000) reviewed perinatal mortality in rabbits under 
commercial production. Estimates varied widely across different studies, depending on 
circumstances, breeds, parity etc, but pre-weaning mortality figures are comparable or worse 
than those seen in pig production, with figures of >20% and even >30% not uncommon. 
More generally across other farmed livestock species neonatal mortality figures vary 
widely. Within sheep production lamb mortality can be up to 20% (the majority of which 
occurs in the first day of life; Dwyer, 2008) but can be higher when disease outbreaks occur 
(figures of up to 40% can be seen in some instances, Personal communication: Dwyer, 
SAC). Mellor and Stafford (2004) provided estimates of maximum recorded neonatal 
mortality rates as being up to 25% for lambs, 51% for kids, 50% for calves, 90% for deer 
calves, 35% for foals and 35% for piglets. Average figures for all these species will of course 
be much lower and will vary considerably depending on circumstance and the timescale over 
which they are assessed.  
An interesting perspective on mortality in the pig industry may come from data on 
mortality and litter size in companion animals where it might be presumed that human 
standards of care would be relatively high. Dogs are a litter bearing species, albeit with 
smaller litters than those of pigs (litter sizes up to 17 have been recorded in larger dog 
breeds but the average is between 3 and 7 puppies across breeds and 5.4 overall: Borge et 
al., 2011). Data on canine perinatal mortality suggests that figures range from lower than, to 
comparable with, those seen in pig production. There is considerable variation between 
studies of different breeds and situations but figures for pre-weaning mortality range from 
2.5% to 18.5% (Gill, 2002, Hare and Leighton, 2006, Linde-Forsberg and Persson, 2007), 
and a stillborn rate of 6.1% according to one study (Linde-Forberg and Persson, 2007). 
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4.4.5 Onset of sentience  
As discussed in sections 4.2, 4.3 and 4.4, many welfare issues relating to litter size are 
manifest in the fetal / neonatal period. To properly determine the degree to which effects 
around this period are welfare relevant requires that we discuss the capacity of piglets to 
experience suffering across this period. We might all sensibly agree that fertilised eggs are 
not sentient, equally the capacity of adult pigs to experience a wide range of emotional 
states is not particularly up for debate, so it follows that at some point between these two 
time points sentience increases to a point that the experiences of pigs becomes morally 
relevant. Therefore, an important issue that pertains to the ethics of large litter sizes and still-
births is the question of the stage of development at which fetuses develop awareness and 
the capacity to suffer. Further to that it is relevant to consider how pain perception and other 
sources of possible suffering operate biologically in neonatal animals. 
The question of when animals develop awareness has both relevance to animal 
welfare (e.g. Mellor, 2010) but also to human obstetrics and the treatment of human fetuses 
(e.g. Royal College of Obstetricians and Gynaecologists (RCO&G), 2010). Hence there is a 
reasonable literature from which we can draw conclusions relevant to the issue of perinatal 
mortality, morbidity and suffering in pigs. A number of writers have argued that underpinning 
the public concern for animal welfare is the increasing acceptance of the idea that animals 
are sentient and can subjectively experience poor and good welfare states (e.g. Dawkins, 
1990). Hence the discussion on fetal awareness has often focused on the question of when 
animals (and humans) have developed a sufficiently complex nervous system to ‘support’ 
conscious experiences (awareness).  The recent report from the RCO&G (2010) focuses on 
awareness of pain in fetuses, and concludes that as neural projections from the peripheral 
body to the cortical region of the brain are not completed before 24 weeks of age, and as the 
cortex is necessary for conscious experience, then pain cannot be experienced by the fetus 
prior to 24 weeks of age (see RCO&G, 2010 pages 3-10).   
Diesch and colleagues (2010) have added that in the context of developing animals, 
both sentience and consciousness are required for animals to suffer. Recent research from 
David Mellor’s group in New Zealand suggests that the fetus never properly gains 
consciousness until after birth (e.g. Mellor, 2010). This idea has emerged partly from studies 
of fetal electroencephalogram (EEG) in lambs (see Mellor et al., 2005 for a review).  These 
studies suggest that for 95% of time fetal lambs, as judged by interpretation of EEG data, 
are in a state of sleep or unconsciousness. In order to interpret the remaining 5% of time and 
the question of whether the lambs are awake or altering sleep states, Mellor et al (2005) 
refer to a study of fetal lamb behaviour made through a plexi-glass window (Rigatto et al., 
1986) that suggests that lambs never gain a true state of wakefulness in utero, never having 
open eyes or showing coordinated movements of the head. Mellor et al (2005) suggest a 
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number of factors that could cause this state of fetal unconsciousness including the 
combined effects of in utero adenosine (a sleep inducing agent) and allopregnanolone (an 
anaesthetic). However, in other research, fetal lambs have been visualised (using 
ultrasound) to show quite co-ordinated mouth and tongue movements and also 
stretching/flexing of the head and neck (Coombs et al., 2010). 
Mellor and Stafford (2004) have also considered the welfare implications of neonatal 
mortality and morbidity. Another factor they draw attention to in this review is that the low 
levels of blood oxygen in the fetus before and during labour (Mellor and Gregory, 2003) are 
unlikely to be compatible with consciousness. They also suggest (largely on circumstantial 
human experience) that a relatively slow descent into a hypothermic state (a likely prelude to 
death in many cases of live born mortality in pigs) may not be experienced as being 
aversive, due to reduced levels of cognitive function and awareness. On the basis of these 
and other considerations Mellor and Stafford (2004) produced a ranking of neonatal welfare 
insults in which anoxia and hypothermia are deemed lesser threats to welfare than 
prolonged hunger (at ambient temperatures) and pain from neonatal disease. 
This understanding of fetal and neonate awareness has already been used to inform 
practice. For example, The Royal College of Obstetricians and Gynaecologists report 
(RCO&G, 2010) concluded on the basis of the available data that there was no clear case 
for the use of anaesthesia in humans during fetal interventions and late abortions due to fetal 
abnormalities. Mellor (2010) has argued that when slaughtering pregnant ruminants, fetuses 
should be ideally left in the slaughtered mother until dead. This advice is based on his view 
that as long as breathing is never allowed to start, then the fetus will never gain 
consciousness and hence suffering will be avoided.  
How do we then apply this knowledge to interpret the welfare impacts that may arise 
from larger litter sizes in pigs, involving potentially higher numbers of still-births and early 
post-natal mortalities and morbidities? Mellor (2010) categorises animals on the basis of 
their stage of neurological maturity at birth and on that basis we can regard piglets as 
equivalently mature at birth as sheep.  Hence we could draw direct inferences from the 
available sheep data if we wished to assign welfare rankings to the perinatal insults facing 
piglets. The lowest ranking for welfare risk would be assigned to those piglets that never 
develop full and rhythmic breathing and hence never gain consciousness (i.e. those that die 
during labour or immediately after); medium ranking would be for piglets that develop full 
breathing, but descend into hypothermia (and hence reduced awareness) over the 
immediate hours following birth; highest ranking would be assigned to piglets that develop 
full breathing are not hypothermic, but suffer slow deaths from hunger, disease or injury as 
they will have developed full consciousness and hence potential to suffer.   
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However, these conclusions should come with caveats and cautions. This research is 
the product of a single research group working with a limited number of species (Mellor 
2010) and replication by others and across a wider range of species would be valuable. 
Various criticisms of this research are summarised by Derbyshire (2010) including 
arguments that the cortex is not essential for the experience of noxious stimulation, 
uncertainty over the interpretation of EEG patterns and the unexplained significance of often 
complex and organised fetal behaviours (Coombs et al 2010). In addition there remain 
problematic questions over the nature of fetal awareness and the danger that we do not 
make enough of the potential differences between awareness in human adults and other 
non-verbal, less developed animals (Derbyshire, 2010). 
In conclusion, there are data relating to the extent to which we might expect piglets to 
be aware, that in principle allows us to make inferences over the severity of the welfare 
insults experienced by fetal and newly born-piglets. However, it should be noted that this 
remains a challenging field of enquiry and other alternative interpretations of awareness in 
fetal and neonatal farm animals may develop with further research. 
 
4.4.6 Pain experiences in neonatal piglets 
Following the immediate peri-parturient period the capacity of young animals to experience 
states such as pain will be an important determinant of the welfare relevance of many effects 
(e.g. some forms of neonatal mortality, injuries from teat competition, teeth reduction). Pain 
is defined by the International Association for the Study of Pain as ‘an unpleasant sensory 
and emotional experience associated with actual or potential tissue damage, or described in 
terms of such damage’ (IASP, 1979 p250). The following definition of animal pain, which 
does not rely upon self-report, has been suggested: 
 ‘Animal pain is an aversive sensory and emotional experience representing an 
awareness by the animal of damage or threat to the integrity of its tissues; 
(note, there may not be any damage) it changes the animal’s physiology and 
behaviour to reduce or avoid the damage, to reduce the likelihood of recurrence 
and to promote recovery; non-functional pain occurs when the intensity or 
duration of the experience is not appropriate for the damage sustained 
(especially if none exists) and when physiological and behavioural responses 
are unsuccessful in alleviating it’ (Molony, 1997). 
Issues relating to pain perception in neonates have been the focus of much 
discussion in the human and animal literature. Until relatively recently it was widely 
presumed in human medicine that infants were not capable or perceiving pain in a morally 
relevant way. This led to only a limited use of analgesia during many potentially painful 
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surgical and other interventions (Rutter and Doyal, 1998). In the animal literature the 
suggestion that newborn animals are less capable of suffering from pain has actually been 
framed in legislation covering common farm ‘mutilations’ such as castration, tail-docking, 
beak-trimming and de-horning (e.g. Danish legislation requires that piglet castration is 
undertaken under anaesthetic only after 7 days of age). Partly this reflects the generally 
correct assumption that less tissue damage may occur earlier in life but it also reflects a 
general belief that very young animals are in some sense less capable of suffering. This 
suggestion has several roots.  The central nervous system of neonate is immature, and 
responses to pain in neonatal animals are classically seen to be less behaviourally 
organised than those seen in older animals (Fitzgerald, 2005). So, for instance, in human 
infants, localised noxious stimulation may provoke whole body responses, which become 
more specific as age increases. Another part of the limited attribution of pain perception to 
neonates stems from our inability to consciously remember painful events experienced 
during very early life (MacPhail, 1998). However, it is now well appreciated that pain can be 
experienced in early life (Bellieni and Buonocore 2008) and indeed that it can have long-term 
impacts on later pain responding (Taddio et al., 1997; Grunau et al., 2006; LaPrairie and 
Murphy, 2010) and on other behavioural parameters. At the very least this implies that 
severe challenges experienced by neonatal animals may have welfare relevance even in the 
absence of sentience at the time of the challenge. However, beyond this possibility it is now 
more broadly recognised that neonatal animals can perceive pain in a morally relevant way. 
In fact, studies on the development of the descending pain inhibition system suggest that in 
some cases pain in neonates could be worse than in older animals because the inhibition 
system develops later than the pain system itself (Fitzgerald, 2005). 
In pigs, studies have been conducted to examine age effects on pain and distress 
associated with husbandry procedures such as castration and tail-docking (e.g. Carroll et al., 
2006;Torrey et al., 2009; see Prunier et al., 2006 for a review of castration studies). These 
studies tend to point to the conclusion that piglets experience noxious challenges as equally 
painful from the first 24hours of life onwards (more detailed assessment of how piglets react 
to noxious challenge over the first 24hours of life have not been conducted to allow an 
assessment of the possibility of carry-over effects of fetal sedation as suggested by Mellor). 
An earlier study (McGlone et al., 1993) found that early tail-docking was associated with a 
great negative impact on growth rate but it is not clear whether this reflects a more 
distressing experience or simply a greater negative impact caused by impaired teat 
competition (Prunier et al., 2006). Overall it appears reasonably safe to conclude that 
noxious challenges in very early neonatal life probably are associated with negative affective 
experiences in pigs.  
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4.5 Long-term effects of birth weight 
Beyond the immediate effects that low birth weight may have on survival there also exists a 
large experimental and epidemiological literature, across many species, showing that birth 
weight relates to many aspects of an individual’s biology throughout their lifetime. The 
concept of low birth weight is of course relative, for instance across breeds and many of the 
pertinent studies may not have properly distinguished low birth weight and 
physical/physiological maturity. Within the human literature there has been some discussion 
(e.g. Wilcox 2001) on the point that low birth weight (defined statistically in relation to the 
population distribution) can be statistically associated with certain outcomes (e.g. mortality, 
later physiology etc) without being causal related to them. So for instance, low birth weight 
and increased mortality may be statistically associated, but not causally connected if they 
are both caused by intra-uterine conditions. Such distinctions are seldom made or directly 
investigated in the pig literature but the relative role of birth weight and maturity in 
determining piglet welfare outcomes clearly deserves more study. 
Human health interest in this area took off after the identification by Barker and co-
workers (1993) of an association between low birth weight and an increase risk of later 
negative health outcomes (cardiovascular conditions, diabetes, obesity) in a cohort of British 
citizens. Since then, what became known as the ‘Barker hypothesis’, alternatively called the 
‘Thrifty phenotype’ hypothesis, has been widely examined in a variety of different human 
datasets and has also triggered a number of animal studies utilising natural variation in birth 
weight or experimentally manipulating birth weight. 
 
4.5.1 Stress physiology 
In a number of studies, birth weight has been shown to impact upon stress reactivity later in 
life in pigs. Kranendonk and co-workers (2006) found that at day 41 of age larger birth 
weight piglets had a lower cortisol response to ACTH challenge compared to smaller birth 
weight piglets. Similarly, Klemcke and others (1993) found that piglets, which were small at 
birth (<1.2kg) had larger adrenal glands (relative to body weight) at 3 or 7 days of age. 
These small piglets also had increased circulating level of cortisol at both ages (and almost 
double the concentration at 7 days of age) compared to larger (>1.2kg) piglets. Smaller 
piglets also had higher cortisol binding capacity and a greater cortisol output from 
adrenocortical cells when stimulated with ACTH and birth weight negatively correlated with 
these parameters. Similar effects have also been seen beyond the immediate neonatal 
period. Poore and Fowden (2003) assessed pig HPA function at 3 and 12 months of age 
using insulin and ACTH challenge tests. HPA reactivity (to either challenge) was increased 
in small birth weight (<1.47kg) piglets when they were tested at 3 months of age, along with 
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overall adrenal size and an increased ratio of adrenal cortex to medulla in comparison to 
heavier piglets. However, at 12 months of age increased HPA reactivity was only seen in 
response to insulin. In another study, (Poore et al., 2002) blood pressure but not heart rate 
was found to be inversely associated with birth weight at three months of age, and more 
significantly with a measure of body disproportion. Furthermore, although there was no 
difference in basal level of adrenaline or cortisol, basal noradrenaline was higher in low birth 
weight piglets. Larger birth weight has also been associated with a stronger rhythmicity of 
cortisol release at nine weeks of age (Munsterhjelm et al., 2009). Munsterhjelm and 
colleagues suggest this relates to either a negative effect of being small (poor prenatal life 
conditions) or a positive effect of being large (larger piglets are more competitive and 
tolerant of thermal challenges). A blunted circadian rhythm of cortisol release is often 
associated with chronic stress and has been shown to relate to negative health outcomes in 
humans (Sephton et al., 2000).  
Overall, these findings suggest that low birth weight piglet have a permanent 
alteration to the functioning of their HPA axis, implying that they are likely to show increased 
stress reactivity throughout their lifetime. In addition to welfare implications of elevated HPA 
reactivity, increased cortisol levels (whether basal or through repeated acute responses) 
could also have negative economic implications, through impaired growth or lowered meat 
quality (e.g. Yoshioka et al., 2005). There may be wider implications of such increased 
stress reactivity for disease transmission since even relatively mild or short-lived stressors 
can increase faecal excretion of enterotoxigenic E. Coli (Jones et al., 2001; Dowd et al., 
2007) or Salmonella (Isaacson et al., 1999; Callaway et al., 2006). There are also food 
safety issues since catecholamines are known to stimulate bacteria in gut mucosa to 
penetrate muscle raising concerns for meat safety (Humphrey, 2006).  
Pig studies have not however addressed directly the question of whether litter size 
impacts upon HPA function. In rodents, Rödel and others (2010) found an effect of litter size 
on offspring HPA function. At 17 days of age basal corticosterone levels were negatively 
correlated with litter size and at day 33 (two weeks post weaning) corticosterone response to 
a 10 minute elevated plus-maze test was also negatively correlated with litter size (although 
basal values were not at this age). The authors suggest that this outcome either reflects a 
delayed maturation of the HPA axis in offspring from large litters (an effect also found in 
other biological systems: see section 4.5.3) or that the increased competition for maternal 
resources led to a down-regulation of HPA function.  
Associations between birth weight and later HPA reactivity have also been found in 
humans (Phillips et al., 2000) and it has been suggested that this effect might be causally 
implicated in the link (Law and Shiell, 1996) between low birth weight and high blood 
pressure. The negative link between blood pressure and birth weight has been questioned 
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(Huxley et al., 2002) and gestational age at birth may be one possible confounding factor in 
this relationship (Kajantie et al., 2002). This further emphasises the points raised earlier in 
section 4.4.2 on mortality that assessment of body shape and or gestational age may need 
to be taken into consideration to allow for a proper assessment of the outcome of litter size 
or other prenatal effects. 
 
4.5.2 Behaviour 
The possible impact of large litter size on intra-litter competition was discussed in section 
4.3. A separate question is whether there might be longer-term effects of high levels of teat 
competition later in life. It has been suggested that in some species there is early life 
‘programming’ of particular biological responses, where the early life environment is taken as 
a ‘forecast’ of future environment (e.g. Bateson et al., 2004; Gluckman et al., 2005). How 
such theories might apply in the case of large litter size is unclear. Being born in a large litter 
could be taken as a signal of plentiful food (as the dam has produced a large litter), or teat 
competition could be taken as a signal that resources are scarce. Regardless of this 
‘forecast’ theory, severe protein malnutrition may alter brain development and thus 
behaviour (e.g. Morgane et al., 1993). Given that some piglets may starve to death without 
intervention, there may be some piglets that undergo severe (near-fatal) under-nutrition at 
some stage in early life and this could have implications for later behavioural strategies. 
For instance, aggressive experiences at the teat could affect future aggressive 
behaviour. In mice, animals from larger litters were initially more aggressive, but then ended 
up subordinate (Ryan and Wehmer, 1975). In pigs, a detailed study by D’Eath and Lawrence 
(2004) of 125 pigs from 16 litters found that those pigs from larger litters in which there was 
more competition were more aggressive at mixing soon after weaning. However, we have 
failed to repeat this result in a larger dataset of 1132 pigs which were mixed into new social 
groups at around 7 weeks post-mixing (Turner et al., 2006). Drickamer et al (1999a) reported 
that litter size and sex ratio were not predictive of social dominance in gilts. D’Eath (2005) 
found that pre-weaning mixing of piglets from different litters resulted in lower attack latency 
during later post-weaning mixing, but that the resulting aggression ended up causing fewer 
body lesions, suggesting that these pigs might be more socially skilled (i.e. rather than being 
more aggressive they were better able to resolve contests quickly). Some suggestion of a 
similar finding in relation to litter size comes from Chaloupkova et al (2007) who found some 
evidence of a relationship between increasing litter size and decreased likelihood of post-
weaning mixing agonistic interactions ending with one pig chasing and biting at another, and 
also with a decreased number of wounds. This might suggest that, along similar lines to that 
suggested by D’Eath (2005) as a consequence of pre-weaning mixing of piglets, that piglets 
from larger litters are more socially skilled than those from smaller litters. 
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It is widely appreciated that experiences during early life can have long-term impacts 
on emotionality in later life. Litter size could impact upon later emotionality through 
consequences of social competition, through altered nutritional state or more generally if 
associated with a lower level of individual control over the environment (e.g. Chorpita et al., 
1998). There are some indications of possible litter size effects on emotionality in rodents. 
When compared to mice from smaller litters, those from larger litters took longer to begin 
moving in an open field (Ryan and Wehmer, 1975), suggesting they were more anxious. 
Janczak and co-workers (2000) found that mice selected for large litter size were more 
fearful in an elevated plus-maze test. More recently, Dimitsantos and others (2007) 
assessed the impact of litter size on later emotionality using natural variation rather than 
artificial manipulation of litter size. They found that rat litters of <10 pups had heightened 
signs of emotionality (e.g. increased anxiety) compared to larger litters. They also noted that 
different studies have found an increase (Hinz et al., 1983; La Barba and White, 1971; Ryan 
and Wehmer, 1975), decrease (Gamallo et al., 1988, Robinson, 1975) or lack of effect 
(Grota and Ader, 1969; Milkovic et al., 1976) on emotionality as a consequence of large litter 
size depending on species, breed and other experimental conditions. However, similar 
outcomes have not been widely examined in pigs. The fact that stress physiology variables 
(section 4.5.1.) have been seen to change as a consequence of birth weight does suggest 
that wider behavioural reactivity may be affected in a way that could be detrimental for 
welfare. There is some suggestion of behavioural outcomes of birth weight. D’Eath and Burn 
(2002) found an effect of weight within litter on struggling in the back test, for instance. 
However, Van Erp-van der Kooij et al (2001) found no effect of litter size on struggling. 
An increase in ‘emotionality’ resulting from early life sub-optimal nutrition is a 
common finding in other species (Levitsky and Barnes, 1970, 1972). Learning deficits can 
also result from early life under nutrition for example in mice (litter-size manipulation study, 
Nagy and Porada, 1991) and in humans (Grantham-McGregor, 1995). Spencer and Tillbrook 
(2009) found that increased neonatal feeding as a consequence of artificially reduced litter 
size caused female mice to have a less anxious behavioural profile. A more recent study has 
demonstrated the converse effect: male offspring reared in large litters (and therefore fed 
less) also showed lowered anxiety levels and a reduced level of stress reactivity (Bulfin et 
al., In Press).  
Moinard and others (2003) in an investigation of risk factors for tail biting found that 
farms where cross-fostering was practiced had a higher incidence of tail biting. However, 
since this was an epidemiological study whether fostering contributed directly to later 
likelihood of tail-biting occurring or whether this association was related to a different causal 
pathway (for instance herd size increasing the likelihood of fostering) is unclear. Large litter 
size might contribute to the relationship, but was not included in the analysis. Beattie and 
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colleagues (2005) found that piglets that spent more time engaging in tail chewing behaviour 
were lighter at weaning (but not at birth), and other studies suggest that pigs that have 
experienced a postnatal growth check may be more likely to tail-bite (reviewed by Taylor et 
al., 2010). 
Low birth weight piglets were found to have a decreased willingness to play when 
presented with a ball in the creep area at various ages before weaning (Litten et al., 2003). 
Play represents a useful indicator of positive welfare and its absence is often associated with 
situations of decreased welfare or fitness (Held and Spinka, 2011). 
 
4.5.3 Health implications 
The pig has been extensively studied as a model of the health effects of intrauterine growth 
retardation in humans. Small piglets, studied using either the natural variation in within-litter 
birth weight in modern genotypes, or through artificially induced growth retardation, show 
alterations in the trajectories of growth and development of major biological systems. The 
accelerated maturation of some of these systems may be seen as evidence of 
developmental adaptation to a compromised uterine environment. For example, the rapid 
morphological development and enhanced contractile ability of skeletal muscle and an 
increased cardiac output have been described in low birth weight piglets (Bauer et al., 2006).  
 However, the majority of biological functions appear to be impaired by a low birth 
weight thus large litter size and its associated uterine crowding and compromised placental 
efficiency may be expected to exacerbate these developmental abnormalities. There is 
evidence of compromised growth of the gastrointestinal tract, liver, kidneys, thymus, ovaries, 
muscles and skeleton in low birth weight piglets (Handel and Stickland, 1987; Xu et al., 
1994; Bauer et al., 2002; Da Silva-Buttkus et al., 2003, Mollard et al., 2004; Wang et al., 
2005; Morise et al., 2008; Cromi et al., 2009). The tissue-specific decrease in expression of 
proteins that regulate immune function, intermediary metabolism and tissue growth may 
explain the abnormal growth and functioning of these systems (Wang et al., 2008). 
Examination of the health impacts of a low birth weight has primarily focussed on the 
incidence of chronic cardiovascular and metabolic diseases of human adulthood. Of more 
immediate relevance for pig production are observations in humans of heightened risk for 
infectious diseases associated with a low (SGA) birth weight (Moore et al., 1999; McDade et 
al., 2001; Amirilyo et al., 2011). Although these effects have been little studied in pigs, there 
is evidence of increased adhesion of bacteria to the poorly developed ileum and colon of 
piglets born after intrauterine growth retardation (D’Inca et al., 2011) and such piglets show a 
reduced lymphocyte proliferation in response to a standard pokeweed mitogen challenge 
(Tuchscherer et al., 2000). Important renal functions are also compromised by a low birth 
weight leading to a reduction in glomerular filtration rate (Bauer et al., 2002) which could 
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heighten the risk of urinary infection. Increased litter size heightens the risk of premature 
parturition with the attendant health risks discussed earlier. 
The fetal brain may also be susceptible to developmental modification leading to poor 
prenatal growth. For example, lambs that have experienced chronic placental insufficiency 
appear to show structural abnormalities in the brain (Duncan et al., 2004), whilst Leitner and 
others (2005) showed compromised spatial orientation in 6 year old children that had 
experienced intrauterine growth retardation. Impaired spatial memory in undernourished low 
birth weight lambs at about 7 months of age has been found (Dwyer unpublished). Delayed 
neonatal behaviours such as reaching the udder and sucking have been described in lambs 
with a low birth weight or from a larger litter size (Dwyer, 2003). Similarly, delayed physical 
and behavioural development in mice has been reported (Dwyer et al., 2007). In fact, in 
lambs there is a separate effect of litter size over and above birth weight for behaviour and 
thermoregulation that suggests larger litters are affected more than would be predicted from 
birth weight alone (Dwyer 2003). If such effects are manifest in piglets, they may contribute 
to the delay and attendant risk for survival of achieving key behavioural milestones such as 
finding the udder and suckling.   
An important postnatal effect of the diffuse epitheliochorial nature of the porcine 
placenta is that piglets are born without immune protection, and have to acquire maternal 
antibodies through the ingestion of colostrum (Gaskin and Kelly, 1995). The difficulty of 
acquiring colostrum, particularly in a large litter, has been described above.  Some have 
argued that the competency of the passive immune response acquired in this way in practice 
differs little between piglets (Fraser and Rushen, 1992; Damm et al., 2002). However, the 
sow’s colostrum yield appears to be independent of litter size (Devillers et al., 2007; Quesnel 
2011) and competition between large numbers of littermates would on average be expected 
to result in a smaller quantity of colostrum intake per piglet (Le Dividich et al., 2005), 
although it is not clear whether this lesser quantity is still sufficient for piglets. In combination 
with physical and mental developmental immaturity and the low vigour of small piglets from 
large litters, this competition may constitute a further risk factor for disease. However these 
risk factors combine, the preweaning mortality rate from infectious disease is seen to be 
disproportionately high in low birth weight piglets compared to heavier piglets (Bilkei and 
Biro, 1999; Tuchscherer et al., 2000) which we can predict may become worse as litter size 
rises.    
Although there are no data available on litter size and immune function in pigs, we 
might predict that there would be some impact since HPA axis activity is affected and 
immune measures may change down stream as a consequence. There is some evidence in 
rats that litter size can impact on later immune function. Prager and colleagues (2010) found 
evidence of negative correlations between litter size and aspects of adaptive immunity and 
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positive correlations with measure of innate immunity. They suggested that this outcome 
may be due to offspring in large litters having to invest more resources in growth at the 
expenses of immuno-competence (adaptive immunity being more energetically costly for the 
individual). They hypothesised that the effect could be a consequence of differential transfer 
of immune components from mother to offspring (either prenatally, or via milk intake) 
depending on litter size.  Alternatively these authors speculated that enhanced maternal care 
of smaller litters may have benefited immune system development, or that increased 
competition in larger litters acted as a stressor, impairing immune function.  
Litter size was found to be a risk factor for piglet knee abrasions (Norring et al., 
2006), which are both a direct welfare problem and a risk factor for pathogen entry to the 
body. Low birth weight has also been found to have a negative impact on bone development 
(Romano et al., 2009).  
Splayleg has been suggested to occur as a myopathy associated with a poor 
intrauterine environment (Holl and Johnson, 2005) or as a consequence of a reduced 
gestation length (Sellier et al., 1999), and both of these could be affected by litter size. 
Splayleg is the most common birth defect seen in pig production (Partlow et al., 1993). Large 
litter size and lower birth weight are associated with increased prevalence of splay-leg 
(Sellier and Ollivier, 1982; Vogt et al., 1984; VanDerHeyde et al 1989; Holl and Johnson, 
2005). Holl and Johnson (2005) found that the odds of splayleg occurring increased with 
decreasing piglet birth weight. VanDerHeyde et al (1989) found that 6.7% of litters of 8 
piglets or smaller were affected by splayleg whilst 21.1% of litters above this cut-off where 
affected.  However, it should be noted that levels this high are not seen in current 
commercial production in Denmark (Personal communication: Moustsen, PRC). 
 
4.6 Sex ratio effects 
Some studies have shown a relationship between litter size and litter sex ratio. Large litter 
sizes have been associated with a reduced proportion of male piglets (Górecki, 2003; Tse et 
al., 2008). Servanty et al (2007) also found that sex ratio varied with litter size in wild boar; 
with a male bias in small litters and a female bias in large litters. However, another study of 
wild boar litters failed to find any association between litter size and sex ratio (Fernández-
Llario et al., 1999), and we have been unable to find any relationship in large datasets of 
domestic pigs available to us (SAC, unpublished data). If the suggested association between 
litter size and sex ratio holds true, this could have a number of impacts, either positive or 
negative, on later welfare and productivity. One possible benefit is that a lower proportion of 
males born will mean less piglets being castrated, with associated benefits to welfare of 
minimising pain, the risk of infection and other welfare impacts of castration (Prunier et al., 
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2006). Penny and Hill (1974) found that castrated males were more likely to be the victim of 
tail-biting than females (as assessed through degree of tail inflammation at slaughter). Some 
studies have also found an increased disease prevalence in castrated males compared to 
females or uncastrated males (deKruif and Welling, 1988), A more female biased population 
could also result in less mounting behaviour, which is mainly performed by males and has a 
variety of possible negative impacts on pig welfare (e.g. stress, but also possible increased 
risk of lameness etc). However, the impact of having fewer males in a population on 
mounting levels is unknown (for instance if mounting is performed by the most dominant 
boars in a group then having fewer males may have no overall impact). Male biased 
mortality has been observed (Baxter et al., In Prep.) and the incidence of splayleg is 
substantially higher in male piglets compared to females (Sellier and Ollivier, 1982; Holl and 
Johnson, 2005). 
 
4.7 Management responses to large litter sizes 
Where an individual litter reaches a size where the sow is unlikely to be able to successfully 
rear all the piglets (i.e. viable piglets outnumber functional teats), there are a number of 
management options that the stockperson can take and a number of possible consequences 
for the maternal or nurse sow(s) (see section 5.4), nurse and for the piglets.  
 
4.7.1 Tooth reduction 
Piglets are equipped by evolution for fighting with their littermates for access to teats, having 
sharp needle teeth protruding at an angle from the jaw (Fraser and Thompson, 1991). Fights 
between piglets result in lesions to piglet faces although these are not usually severe 
enough to impact on piglet growth or survival (Brown et al., 1996) and to the sow’s udder 
(Weary and Fraser, 1999). To reduce facial lesions on piglets and sow udder damage, full or 
selective clipping of some piglets within a litter can be used as a management tool (Weary 
and Fraser, 1999). 
In countries such as Denmark where selection for litter size has advanced the most 
the use of teeth reduction may actually be reduced since in most cases more advanced 
management practices are required as routine. Indeed, tooth clipping is prohibited in 
Denmark and the grinding of corner teeth is only permitted if there previously have been 
problems.  However, in other countries one consequence of the move from medium to large 
litters is an increase in the use of some form of tooth reduction to minimise the damage that 
piglets inflict upon each other or the sow when competing for a teat. With increasing litter 
size, and a finite number of functional teats teat disputes are likely to intensify. Fraser (1975) 
and Hutter et al. (1993) identified relationships between facial wounding and litter size. They 
noted that when teeth were left intact, piglets from large litters (>11 piglets) were more likely 
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to be severely injured. EU legislation permits tooth resection by either tooth clipping or 
grinding (Directive, 2001/93/EC), but it discourages it and only allows the practice where 
“there is evidence that injuries to sows’ teats or to other pigs’ ears or tails have occurred”. 
This stance is taken because there is evidence that tooth resection is in itself behaviourally 
and physically damaging. There are two main methods to resect the needle teeth; i) clipping 
to removing all or just the pointed tip of the teeth (Weary and Fraser, 1999) and ii) grinding 
using a rotating grindstone. Both methods involve restraint of the piglet and in systems 
where the sow is loose, a commonly practiced observation is to restrict the vocal cords of the 
piglets whilst clipping in order to reduce distress vocalisations and reduce the chances of the 
sow becoming aggressive (Personal communication: Baxter, SAC). Handling piglets is a 
known stressor and plasma cortisol concentration increases with restraint duration 
(Rosochacki et al., 2000). For tooth grinding the heat generated by the grinder may be a 
concern. Using a thermal imaging camera, Baxter et al. (unpublished observations) 
demonstrated that a tooth ground for 3 seconds rose to 45°C, and after 6 seconds the tooth 
reached 83°C. Opinion is divided in the literature on how grinding or clipping compare, to 
each other, in their impact on animal welfare (see Marchant-Forde et al., 2009 for a 
discussion). Tooth clipping also has significant welfare implications. Although physiological 
assessment of stress parameters suggest the impact is not as great as castration or tail-
docking (Prunier et al., 2005; Marchant-Forde et al., 2009), the procedure is stressful 
(Marchant-Forde et al., 2009) and  there is substantial likelihood of pain associated with the 
procedure (Hay et al., 2004) Incorrect clipping can lead to deep wounds of the tongue and 
lips (Burger, 1983; Bruckner, 1986) and splinters caused by clipping may become embedded 
in the gums (Hutter et al., 1993). Thus there is a risk of infection, reduced milk intake and 
therefore reduced weight gains. The evidence for an effect of clipping on weight gain may 
depend on the stage of lactation: a decrease in weight gain of piglets with clipped teeth is 
seen in early lactation (Robert et al., 1995, Weary and Fraser, 1999), while those of piglets 
with intact teeth may be decreased in late lactation (Hutter et al., 1993).  
 
4.7.2 Cross-fostering 
A common management practice to deal with large litter sizes and heterogeneous litters is to 
cross-foster. Cross fostering can be limited, if only a few extra piglets are fostered, or 
extensive, if all sows are expected to have the same number of piglets. Transfer of piglets 
between litters is usually carried out when a sow is producing insufficient milk (for example 
due to illness), or where a sow has a large litter (especially when there are more piglets than 
functional teats). If done correctly cross-fostering gives piglets enhanced survival prospects 
(Cecchinato et al., 2008) and could reduce further management interventions for piglets that 
 61 
 
are suffering from remaining in a large litter or those low birth weight piglets that are failing to 
compete for a productive teat with their larger littermates. 
Cross fostering can be performed with a number of aims, at different times after birth, 
or involving different strategies: i) litter standardisation to achieve even litter size; ii) litter 
equalisation to achieve piglets of the same size within each litter; iii) sorting piglets into same 
sex litters; iv) transferring unthrifty piglets to a new litter; v) keeping back small piglets at 
weaning; vi) collecting surplus piglets at nurse sows (section 4.7.3). 
 
i) Litter standardisation to achieve even litter size. This management tool is used in most 
commercial productions (Straw et al., 1998). It includes transferring piglets between sows to 
achieve the same litter size at all sows, or to achieve a desired litter size at some sows. This 
gives all piglets the same chance to have access to a teat, despite being born in a small or a 
large litter. One additional factor to this strategy is that with high litter size, nurse sows (see 
4.7.3) may be included, to ensure enough functional teats for all piglets. At the other end of 
the spectrum with low litter size “skip-a-sow”-strategies may be used, where old sows and/or 
sows having farrowed few piglets are culled immediately after farrowing, after the new born 
piglets have been transferred to other sows (Personal communication: Tom Gilesby, 
Renselaer Veterinary Practice).  
 
ii) Litter equalisation to achieve piglets of the same size within each litter. This strategy is 
widely used in pig production irrespective of litter size (Straw et al., 1998). Normally this 
includes transfer of more piglets than the previous mentioned “litter standardisation”. 
Performing “litter standardisation” will often involve transfer of the smallest or largest piglets 
born thus may partially be a form of equalisation.  
 
iii) Sorting piglets into same sex litters. Sorting piglets into litters of the same sex is 
commonly practiced in some countries such as Brazil (Personal communication: Thorup, 
PRC) to improve efficiency of certain tasks, such as castration and to save time at weaning 
when the sexes may be split to allow different feeding strategies for gilts and boars.  
 
iv) Transferring unthrifty piglets to other litters. As more piglets at the sow will increase the 
risk for some piglets falling behind, higher litter size may facilitate the use of this technique 
(Thorup 2010b). One unthrifty piglet can be exchanged with a thrifty piglet in another litter 
(“swapping”). This will increase the chances of survival for the unthrifty piglet, but can reduce 
growth rate in both piglets (Straw et al., 1998).  In the case of more unthrifty piglets, a litter of 
unthrifty piglets may be transferred to a sow, that early weans her own piglets (nurse sow), 
or to some form of artificial nursing system, such as a Nurtinger. In the case of these latter 
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strategies there may be some controversy as these piglets are effectively being early 
weaned before the stipulated age (26 days). However it can be argued that this is “first-aid” 
for a challenged piglet that might otherwise die. Very little research has been conducted into 
the health and welfare issues for animals artificially reared (see section 4.7.5).  
 
v) Keeping back surplus piglets at weaning. Piglets vary in size at birth, and as the largest 
piglets at birth grow faster than their smaller litter mates this difference increases during 
lactation. Additionally, disease and differences in sow milk production may increase both the 
proportion of small piglets and increase the differences. Being small at weaning can thus 
either be an indicator of being born small, or of being a challenged piglet. Farmers are often 
conscious of issues relating to poor health in small weaned piglets so they often aim to wean 
even batches of piglets. As a consequence, if there is not a focussed strategy for segregated 
weaning procedures, small piglets may be held back until they achieve a higher weight. This 
normally involves collecting small piglets and putting them on a sow that should have been 
weaned.  
 
There are various possible welfare concerns relating to these different reasons why 
piglets may be moved from their birth litter to a different grouping. In general challenges to 
welfare become greater as the piglets get older, which means that the earlier fostering takes 
place the more likely it is to be successful (Straw et al., 1998).  Very early moves to a new 
litter may deprive the piglet of access to colostrum, which is important to achieve maternal 
immunity (Bandrick et al., 2011), thermoregulation and energy (Herpin et al., 2002). Late 
transfer will challenge the piglets by introducing them into litters where the rank, teat order 
and maternal bonds are already fixed. The transfer window is generally recommended to be 
only after the piglet suckles from its own mother to ingest colostrum for 6 to 12 hours 
(Thorup et al., 2004) and not after 2 days post-partum, where the ranking process has been 
relatively fixed (De Passilé et al., 1988). Ad libitum availability of colostrum only occurs for 
the first 12h after the onset of farrowing when it is let down continuously, thereafter it is 
available for approximately 30 hours during cyclical let downs. Piglets need to ingest 
colostrum as soon as possible, to acquire maternal immunoglobulins, nutrients and 
sustenance for adequate thermoregulation. Gut closure takes place between 24-48h old and 
after that immunoglobulins can no longer be absorbed (Gaskin and Kelley, 1995). If piglets 
are fostered without gaining sufficient colostrum they risk compromised immunity, chilling 
and starvation. If they are fostered onto a sow that is still producing colostrum these risks are 
significantly reduced and acceptance of fostered piglets is greater. It is, however, likely that 
even if they have six hours with their mother suckling before being transferred to a foster 
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mother that they will become hungry and cold during the transition period and this will 
influence their initial behaviours with their foster mother.  
An advantage of fostering at 6 hours old is that piglet behaviours will be less risky in 
terms of acceptance by the nurse sow because they are unlikely to have bonded sufficiently 
with their mother before separation.  Price and others (1994) showed that piglets fostered 
within 9 hours of being born showed similar behaviours to resident piglets and aggression or 
sniffs towards them by the sow were no different to behaviours directed towards her own 
piglets. However piglets fostered after 2 days of age showed a greater reluctance to engage 
in suckling, higher rates of ambulation, and more frequent vocalisations. Additionally, sows 
tended to be more aggressive toward older fostered pigs. Similarly, Straw et al. (1998) 
reported higher pre-weaning mortality in piglets fostered over 3 days old.  
Piglets are able to recognise the odours, vocalisations, and home pen of their dam 
and prefer to approach these cues rather than those of an unfamiliar sow (Morrow-Tesch 
and McGlone, 1990; Horrell and Hodgson, 1992b). As such, fostered piglets are likely to 
experience stress when removed from their sow and pen (similar to the experience of a 
weaned piglet). Not only do newborn piglets form quick bonds with their mother, they also 
establish fidelity for a particular teat, or a specific teat pair (Pedersen et al., 2011) during the 
first 24 hours of life, often defending ownership of this teat aggressively during nursings. 
When foster piglets realise that they cannot reach their own dam, they go to the udder and 
seek out the teat in their previously preferred position (which may involve competing with the 
incumbent piglet for it) rather than identifying an unused, productive teat and establish a new 
place in the teat order (Horrell, 1982). This can lead to disruption of the teat order and 
aggression between piglets over teats, resulting in facial injuries to piglets, and fostered 
piglets do not grow as well as resident piglets (Horrell and Bennett, 1981). Although 
Kirkwood and colleagues (1998) found no effect on weight gain and pre-weaning mortality 
for cross-fostered piglets. Piglets that are not growing well may put themselves at greater 
risk of crushing by spending longer at the udder (Weary et al., 1996). The sow is more likely 
to terminate a suckling bout (to the detriment of all piglets), in response to piglet screams, 
which are likely to occur during teat order disruption (Horrell, 1982, Appleby et al., 1999; 
Pedersen et al., 2011). Thus if piglets are fostered after these bonds become established, 
they show behaviours indicative of separation distress. When separated from their mother, 
piglets perform high pitch vocalisations, with younger piglets often “quacking” (Weary et al., 
1999) and during fostering, fostered piglets are observed to “wander the pen” performing 
these vocalisations (Horrell and Bennett, 1981) and often failing to suckle initially or fighting 
over a preferred teat in order to re-establish teat fidelity.  
Depending on the age at fostering, foster piglets may face aggression from the 
existing litter away from the teats, as piglets are capable of recognising their littermates by 
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around 7 days of age (Horrell and Hodgson, 1992b) and will fight with non-littermates at this 
age (Jensen, 1994; D’Eath, 2005). Foster piglets also risk aggression from the sow as sows 
are capable of discriminating between their own piglets and foreign ones by odour at about 7 
days of age (Horrell and Hodgson, 1992a), and sows selectively show aggression towards 
fostered piglets, which may try to escape the new pen (Horrell 1982). Some farm managers 
will repeatedly cross-foster piglets and move them from sow to sow in order to manage 
growth rates for weaning. However such practices are very disruptive for both the sow and 
piglets and have been reported as injurious and counter-productive with repeatedly cross-
fostered piglets failing to suckle and acquiring facial lacerations and showing no 
improvement in weaning weights (Robert and Martineau, 2001). 
With litter equalisation, producers expect the even piglets to thrive better, as small 
piglets are not inferior to larger litter mates. However it has been argued, that fighting may 
be increased in equalised litters, as piglets that are even in weight may have difficulties 
establishing a stable social hierarchy. Indeed, Milligan and co-workers (2001b) found that 
piglets fought more when cross-fostered into new groups with piglets closer to their own size 
than they did when moved to groups with much larger piglets. However, Deen and Bilkei 
(2004) found that in litters of 12 piglets low birth weight piglets spent more time in teat 
disputes when littermates were larger, and as a consequence missed more nursing 
opportunities. This was not the case in litters of 8 piglets. 
The long-term impact of cross-fostering is uncertain. Stewart and Diekman (1989) 
found that gilts reared by foster dams had lower reproductive success in their first parity 
(poorer conception and farrowing rates and fewer live born piglets). As mentioned earlier 
Moinard and others (2003) found that farms where cross-fostering was practiced had a 
higher incidence of tail biting. Although the causal relationships underlying these effects are 
uncertain such studies do suggest that a closer look at the short- and long-term impact of 
cross-fostering on piglet behaviour, production and welfare is merited. 
 
4.7.3 Nurse sow systems  
One practical consequence of increased litter size is the increased use of wet nurse sows. A 
nurse sow weans her own piglets, and then has 12 to 15 functional glands available for a 
new litter of piglets. According to EU legislation, piglets cannot be weaned until 28 days after 
birth, unless there is a risk for health problems for sow or piglets. Piglets can be weaned at 
21 days, if they are weaned to cleaned sections, where they are not mixed to older animals. 
The use of nurse sows, as a solution to the challenges of large litters is now close to 
ubiquitous in Denmark but has yet to be widely used in other countries.  
There are two main types of management processes that involve using nurse sows; 
one-step and two-step. One-step management involves weaning at least 21 day old piglets 
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from a “chosen” nurse sow and then fostering on surplus piglets from newly farrowed sows 
when the piglets are at least 12 hours old. The nurse sow then rears this second litter to at 
least 21 days of age when they are weaned and she returns to a dry sow facility for service. 
Two-step management involves the use of two lactating sows. An intermediate sow is 
identified and her litter is weaned at 28 days old (potentially at least 21 days old) and then a 
two-step nurse sow is identified whose piglets are 4-7 days old. These piglets are all 
fostered onto the intermediate sow. The two-step sow is then given surplus, large newly 
farrowed piglets that are at least 12 hours old  to ensure they have received enough 
colostrum from their natural mother to acquire maternal antibodies (Thorup et al., 2006).  
The welfare implications for the sow are described below. The welfare implications 
for the piglets are likely to be similar to those experienced by cross-fostered piglets (see 
4.7.2 above) and also piglets that experience early weaning (discussed below in 4.7.4). The 
separation distress and aggression involved in re-establishing teat order may be less in one-
step or two-step nurse sow management than in cross fostering because the whole litter is 
fostered on and off or because the young piglets have yet to form a teat order or bond to 
their mother. The main welfare detriment experienced by piglets during nurse-sow 
management is the risk that the 6 hour old fostered piglets suffer starvation and chilling 
whilst they wait for their foster mother to accept them. Successful sucklings can take 6 hours 
after piglets are given to the nurse sow (Thorup and Sorensen, 2006). This may result in the 
piglets becoming frantic for milk. 
Weaning can be a traumatic event, particularly for piglets as it involves changes in 
diet and in the social and physical environments (Fraser et al., 1997). Recently attention has 
also been drawn to the possible psychological and long-term consequences of early 
weaning (Newberry and Swanson, 2008; Weary et al., 2008). Although in this fostering 
scenario, piglets are not being weaned onto solids, they are being weaned onto a strange 
sow and potentially into an unfamiliar farrowing crate (albeit often one similar to their 
previous accommodation). Thus still a potentially stressful situation. When separated from 
their mother, piglets perform high pitch vocalisations, with younger piglets often “quacking” 
(Weary et al., 1999). Such vocalisations are also reported when fostering occurs, with the 
fostered piglets observed to walk around the pen periphery performing these vocalisations 
(‘wandering-squealing syndrome’: Horrell, 1982) and often failing to suckle initially or fighting 
over a preferred teat in order to re-establish teat fidelity. 
 
4.7.4 Weaning age 
Weaning can be thought of as the withdrawal of maternal care and of the milk supply. Litter 
size might affect weaning age in two (opposing) ways depending on management decisions. 
If larger litter size requires more nurse sows, then fewer pens are available for farrowings. 
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This can be solved by having fewer sows farrowing per day, which can be achieved by 
reducing the number of sows, increasing the number of available farrowing pens or by 
weaning earlier. Alternatively since high litter size at the sow will reduce growth rate, when 
piglets are being weaned at a fixed weight, piglets often need to be weaned later. Late 
weaning can be negative for sow welfare as discussed with respect to the use of nurse sows 
and prolonged lactation (see section 5.4). The former issues regarding early weaning have 
also partially been discussed in relation to nurse sows, as some form of early weaning is a 
necessary component of nurse sow systems. 
Arguably, the artificial weaning which is practiced universally by the pig industry is 
‘early’, since under natural, free-ranging conditions the age by which piglets are fully weaned 
is around 60-137 days (Newberry and Wood-Gush, 1985; Jensen and Recen, 1989). 
Although part of pre-industrial agriculture, such practices are obsolete and common practice 
in the EU is to wean at 28 days of age. Organic herds often wean at 40 days old, and in 
Denmark at 49 days at least, however the sows are loose and it is likely that a natural 
weaning process has already begun in animals kept in this way (since the sow has more 
control). Some extreme early weaning strategies remove piglets between 7-14 days and are 
still practiced in the USA. These strategies were initially introduced to control diseases 
amongst finishers. However, there are well reported performance disadvantages of such 
early weaning management systems including; inconsistent growth performance throughout 
the finishing phase (Wiseman et al., 1995), decreased post weaning weight gain (Leibbrandt 
et al., 1975) and abnormal feed intake that may affect metabolism (Pittaway and Brown, 
1974). In addition, there are increases in aberrant behaviours such as belly nosing and flank 
biting, which can be important indicators of stress (Fraser, 1978; Metz and Gonyou, 1990; 
Bøe, 1993; Gonyou et al., 1998). 
Many of the welfare challenges of early weaning are because it is abrupt, with no 
introduction of solid food and no gradual separation from the mother. Abrupt weaning 
involves a complete change in both the form and pattern of delivery of food, requiring both 
behavioural and physiological adaptations by the piglet. If supplementary food is available 
from at least the third week of lactation, when milk production starts to decline, expression of 
foraging behaviour has functional consequences for changes in gastric enzyme secretions 
and gut development (Cranwell, 1995), allowing the piglet to experience a more gradual 
weaning process. If weaned before three weeks of age such adaptations are unlikely to 
occur and abrupt weaning causes nutritional challenges for the young, can slow growth rate 
and compromise immune function (Algers, 1984; Pajor et al., 1999). There is concern that 
animals exposed to maternal deprivation during the neonatal period could show an altered 
response to stress during adolescence (e.g., Liu et al., 1997; Lay et al., 1998). Hohenshell et 
al. (2000) found altered hypothalamic-pituitary-adrenal (HPA) axis activity in early weaned 
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pigs. The specific cause of this is unclear, as early weaned piglets are being subjected to 
maternal deprivation, as well as a location and nutritional change. Work looking at the 
behavioural consequences in female pigs of being weaned at three different ages (12, 21 
and 42 days) demonstrated that although the early weaned pigs showed behavioural 
inhibition in an open field test, the impact on their brain neurobiology could not be 
unambiguously interpreted as dysfunction (Sumner et al. 2008). Both papers suggest further 
investigation is needed. 
A further potential longer term consequence of early weaning is the possible 
influence removal from the mother might have on the maternal behaviour of female offspring 
that go on to be breeding gilts. Young animals learn key behaviours during the neonatal 
period and maternal behaviour can be transmitted from one generation to the next (for 
instance through non-genomic transfer: Francis et al., 1999; Champagne and Curley, 2009). 
In mice, early weaning deprives mouse pups of maternal care, increases their anxiety and 
decreases their maternal behaviour as adults (Kikusui et al., 2005). Also in this study of 
mice, other changes in neonatal environment, including handling and changes in feeding 
competition altered adult behaviour. It is unknown whether similar effects would be seen in 
pigs, where maternal care is substantially different to rodent species, however there may be 
long-term consequences of early weaning and/or management procedures which alter the 
neonatal environment. 
 
4.7.5 The use of artificial rearing systems 
An alternative management strategy to nurse sows for rearing surplus piglets is to use an 
artificial system. One such system widely used in the Netherlands, the USA and increasingly 
in Germany is the Rescue Deck system. This is a specially designed unit that is 
recommended to sit above the farrowing crates in traditional farrowing houses and to house 
either surplus or low viability piglets. The decks are fully slatted, heated and lit and have 
artificial milk, water and, when piglets are older, a creep feeding system. Piglets are typically 
housed there from 3-20 days old and often this system does indeed “rescue” piglets that 
would otherwise die. One of the welfare and ethical issues is whether some of these piglets 
should be kept alive. With traditional fostering the recommendation is to move the larger 
piglets onto foster sows and leave the weaker piglets with their mother, thus limiting 
stressors on a vulnerable animal. There is very little scientific evidence as to the pros and 
cons of rescue decks. Reports suggest that piglets reared in rescue decks have poorer 
growth rates and work looking at long-term impacts on performance suggest rescue deck 
piglets take a longer time to reach slaughter weight and have poorer average daily gain 
(Futterkamp, 2011). Other reports suggest they do save piglet lives but question the effects 
on long-term health and behaviour (Müller, 2011). Piglets removed from their mother as 
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early as 3 days old will inevitably be subjected to the same welfare detriments that any early 
weaned piglet would be, as already described above. Such systems are likely to require very 
careful management. One German study on growth rate, demonstrated that artificially reared 
piglets were 2 kg lighter at 22 days compared with piglets reared by sows (Tolle and Meyer 
2008). 
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5. Welfare impacts of large litter size on the sow 
 
 
 
5.1 Gestation 
Although numerous studies have addressed welfare issues surrounding the housing and 
husbandry of gestating sows (e.g. Marchant-Forde, 2009), these have not focused on issues 
specifically to do with the fact that the animals concerned are pregnant. Furthermore they 
have not given any consideration as to whether the fetal litter size being borne has any 
impact on sow welfare. However, when we consider the process of pregnancy and birth in 
women, society expects that these women should be cared for and given extra special 
treatment. This is particularly the case if the woman is carrying twins or more babies as there 
is a feeling that this is a more difficult pregnancy with a greater energetic demand, and also 
the fear that any insult to the mother has potentially greater effects in terms of the number of 
lives involved and the greater fragility of the fetuses. Pregnant sows also have many 
challenges to face, which include the energetic demands and nutrient requirements of her 
growing fetuses, hormonal changes, the effects on sleep and rest and the general discomfort 
and restriction of movement. In addition, within commercial farming systems there are 
additional challenges such as group dynamics, access to resources and resting areas and of 
course the issue of feed quantity and delivery. Increased metabolic loading on sows during 
pregnancy could also increase the risk of heat stress in countries where this is an issue.     
Some of the common complaints in pregnant women are nausea, sleep disturbance, 
pain and discomfort, constipation and heartburn. These complaints are often reported to be 
exacerbated in women carrying multiple offspring (Campbell, 2001). These symptoms have 
rarely been considered in pregnant farmed animals and given the pressure to increase 
maternal output (either by size and/or number of offspring) we should consider the impact of 
these symptoms on pregnant farmed animal welfare. Nausea is reported to be greater in 
SUMMARY: 
 
From the sow’s perspective increasing litter size may impair welfare  
 
• Increased production pressure placed on sows may produce health and welfare 
concerns if the sow does not receive appropriate levels of management.  
• The extent to which the experience of farrowing is affected by litter size 
requires further research  
• Longer farrowing durations associated with larger litters may be more painful 
for sows. 
• Sows may also experience more discomfort during farrowings that involve 
passing dead piglets. 
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twin pregnancies than singletons (Louik et al., 2006). Hormonal effects of pregnancy may be 
exacerbated due to increased number of fetuses.  
For much of the pregnancy the developing litter takes up only a small proportion of 
the mother’s nutrient supply (Whittemore, 1998), and the litter is relatively well protected 
from nutritional decreases (Pluske, 1995). However, sows may still feel increased hunger 
motivation when carrying a larger litter (due to physical and hormonal signals of litter size) 
which could make the feed restriction experienced through gestation more distressing. 
However, the difference (from the sow’s perspective) of a small, large or very large litter may 
only be really meaningful in late gestation when sows naturally shift towards a catabolic 
physiology. It might also be speculated that if modern hyper-prolific sows are fed more to 
meet the demands of their developing litter that they could be less chronically hungry.  
Any discomfort as a result of pressure on the stomach or other organs from the 
uterus is also unclear. Sow size has increased (Moustsen et al., 2011) in recent years and in 
association with the carrying of very large litters this could create issues relating to access to 
resources such as drinkers and feeders. Any issues relating to physical comfort during 
resting and sleeping are unknown. Although piglets represent a much smaller percentage of 
maternal birth weight compared to other species, the overall ratio of litter weight to maternal 
weight in pigs is equivalent to other domesticated species bearing smaller litters (7-9%: 
sheep: Gardner et al., 2007; dairy cattle, Personal communication: Barrier, SAC). Since gilt 
and sow weight at farrowing has increased in Danish sows, in recent years in order to 
remedy problems relating to shoulder sores etc, it is unlikely that increased litter size will 
have led to a significantly increased fetal: maternal weight ratio. Women bearing twins often 
report that, especially in late pregnancy, they have difficulty achieving comfort in any body 
position and back and abdominal pain are common (Campbell, 2001), although such 
concerns differ between quadruped and bipedal species. Although Danish research 
suggests late stage pregnancy sows are often dominant in social groups (Hansen et al., 
2009), size and discomfort could also impact on social behaviour if for instance sows 
carrying large litters have a poorer ability to move, and so are unable to gain access to 
resources, defend sleeping areas etc. Equally, an increased requirement for rest when 
pregnant with a large litter might not be fully satisfied in large sow groups, or where space 
allowance is restricted. Sows have been shown to be only weakly motivated to obtain social 
contact in preference tests (Kirkden and Pajor, 2006), but the impact, if any, of their fetal 
litter size, on motivational priorities (e.g. for environmental comfort, social circumstance, food 
etc) remains unknown. Beyond purely physical effects of litter size on gestation behaviour 
there may be theoretical reasons for thinking that large litters could cause sows to behave 
differently. In mice, litter size during pregnancy has been shown to impact upon behavioural 
characteristics of the mother: both maternal aggressiveness and anxiety increased with 
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increasing litter size (D’Amato et al., 2006). The authors hypothesised that, based on 
hormonal signals, mothers are able to evaluate the reproductive value of their unborn litter 
and adjust behaviour accordingly (i.e. by being more protective of a larger litter). Rodent 
studies have shown that, following birth, aggression towards a nest intruder is also increased 
in mothers with larger litters (Maestripieri and Alleva, 1990; Koskela et al., 2000).  
In humans multiple pregnancies require a greater cardiovascular workload (Nizard 
and Arabin, 2005), which could also be reflected in sows bearing large litters. Hypertension 
and associated complications are more common in human multiple pregnancies and 
increase in incidence with increasing number of fetuses (Smith-Levitin and Vohra, 2005). Up 
to 25% of multiple pregnancies in women are complicated by hypertension (Long and Oats, 
1987). Pre-eclampsia has a 3 fold higher risk in twin pregnancies than singletons, and 
triplets have a 3 fold higher risk then twins (Duckitt and Harrington, 2005). Constipation is 
reported as being worse in women bearing multiple fetuses (Campbell, 2001). In pigs the 
level of constipation has been associated with farrowing duration (Oliviero et al., 2010), so 
any additional constipation induced by a large litter size could exacerbate the litter size effect 
on farrowing duration. However, allowing the sow to move freely before and during 
farrowing, reducing constipation in the sow and avoiding excessive fattening of the sow 
during late gestation all seemed to be key factors in shortening the sow’s farrowing time, and 
thus reducing perinatal mortality (Oliviero, 2010). Haemorrhage and urinary tract infections 
are more common post-natally in women carrying multiple fetuses (Carlin and Neilson, 
2006).  
Whilst it is clear that there are limits to how far we can attempt to extrapolate the 
experiences of human mothers to those of pregnant sows (especially since twins or triplets 
represents a far greater increase in fetal load than the difference between say a large and 
very large litter of piglets), it is equally clear that a number of possible welfare detriments of 
bearing more fetuses are suggested by this comparison. Further research could be focussed 
on assessing the welfare impact (and altered gestation needs) associated with large litter 
sizes. 
 
5.2 Parturition 
Giving birth, from human experience, is reported to be an extremely painful process 
(Melzack, 1992) and research has resulted in numerous different analgesic and anaesthetic 
drugs administered via various routes to alleviate pain (Brownridge, 1991). The pain 
experienced by non-human animals during parturition has received little scientific interest; 
however the research carried out on non-human animals has provided information about the 
anatomy and neural input to the uterus and cervix. Studies of the intrinsic nerve supply of the 
uterus indicate that sensory fibres are more numerous in the cervix and the lower uterine 
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segment than the main body of the uterus (Bonica, 1986). Neural supply to the uterus and 
cervix is mainly via the hypogastric and pelvic nerves which enter the spinal cord through 
dorsal roots predominantly in the lumbar region (Steinman et al., 1992; Berkley et al., 1993). 
Labour pain is initiated in the uterus due to dilation of the cervix and contraction of the lower 
uterine segment and there is a correlation between the degree of dilation of these structures 
to the intensity of pain experienced by humans (Bonica, 1986). There is also a correlation 
between the onset of uterine contractions and the onset of pain (Corli et al., 1986).   
Endogenous opioids are released in response to nociception, and have potent analgesic 
properties (Dalayeun et al., 1993). Studies have shown that an endogenous opioid-mediated 
analgesic system exists in parturient rats (Gintzler, 1980; Sander and Gintzler, 1987). 
Hypogastric neurectomy results in reduced analgesia suggesting that stimulation from the 
lower uterine segment and cervix induces this analgesic system (Gintzler et al 1983). This 
pregnancy-induced analgesia has since been shown to exist in parturient women (Cogan 
and Spinatto, 1986; Whipple et al., 1990) and in the pig (Jarvis et al., 1997). Opioid-
mediated analgesia at parturition may act as a defence against the pain of labour but 
increased release of opioids in response to nociception may also interfere with parturition 
and maternal behaviour by the inhibition of oxytocin (Lawrence et al., 1992). This could be 
applicable to domesticated animals as the increase in the size or number of offspring could 
cause increased release of opioids in response to nociception and thus impact on maternal-
offspring bonding. 
As litter size increases, average piglet birth weight decreases (Johnson et al., 1999; 
Roehe, 1999). This may reduce pain at expulsion of each fetus but parturition may last 
longer and the cumulative effects may be greater. Evidence from human research suggests 
that the aversiveness of a painful experience relates more to how bad the experience was at 
its worst and at its end point (peak-end effects: Kahneman et al., 1993). This may suggest 
that duration of farrowing is not the most pertinent variable in determining the overall severity 
of the experience. However, if longer farrowing durations are associated with greater 
inflammation or tissue damage to the sow, post-farrowing pain could be an issue. Pain 
experienced by the sow during farrowing is of obvious welfare concern in its own right, but 
may have several additional consequences. Anecdotal reports suggest that pain may be 
involved in the aetiology of savaging (White, 2008) and could also have an impact on other 
aspects of poor mothering, such as likelihood of crushing (Haussmann et al., 1999), as sow 
discomfort is associated with increased postural changes (Mainau et al., 2010). In humans 
pain at childbirth is associated with later physical and psychological health outcomes. For 
instance, the experience of increased acute pain associated with giving birth increased the 
likelihood of later experiences of both pain and postpartum depression (Eisenach et al., 
2008). Mainau and co-workers (2010) produced a behavioural ‘ease of farrowing score’ 
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(EFS) based on multivariate analysis of multiple behavioural measures. Sows passing 
stillborn or mummified piglets were found to have a lower EFS possibly indicating that they 
experienced more discomfort during farrowing when passing dead piglets. Colostrum yield 
was also found to be negatively related to the proportion of stillborn piglets (Quesnel, 2011). 
Larger litter size and more stillborn piglets were both associated with longer farrowings 
durations (VanDijk et al., 2005). 
It is unclear whether larger litters of on average smaller piglets would produce more 
direct tissue damage to a sow than smaller litters of larger piglets. Greater tissue damage, if 
associated with larger litter (and this is undetermined) may provide a route for the entry and 
spread of infection. Sickness behaviour (Weary et al., 2009; Dantzer, 2009) associated with 
infection could be a significant risk both to sow welfare and the welfare of her piglets. Even 
sub-clinical infections can impact on behavioural function, for instance depressing activity or 
inducing fear/anxiety (Lyte et al., 1998). Difficult or extended farrowings may also cause 
other welfare detriments relating to increased fear levels, generally and increased levels of 
fear expressed towards offspring piglets. This may be particularly true in gilts where 
increased restlessness and responsiveness to piglets at farrowing is predictive of piglet-
directed aggression (Ahlström et al., 2002). 
In the above section the parturition process and its impacts on the sow in terms of 
pain have been described. In addition to this pain, the sow could experience uterine and 
maternal fatigue, which can lead to dystocia, otherwise described as a difficult farrowing (Lay 
et al., 2002) or the cessation of farrowing. Uterine fatigue or secondary uterine inertia means 
the uterus ceases to perform meaningful contractions and this can affect the piglets with 
increased risk of asphyxia and stillbirth. Maternal exhaustion refers to the inability to 
sufficiently increase intrauterine pressure by contractions of the abdominal muscles and 
diaphragm. This inability may not only be affected by the sow's physiological state but 
perhaps also by her perception of effort and exhaustion (van Kempen, 2007). Serious health 
complications may arise in the sow from exhaustion during labour. These include retention of 
placenta and piglets, hypocalcaemia, hypomagnesaemia, metritis, and ketosis. This can 
result in health complications that require attention during parturition (e.g. assistance to pass 
the last piglets either manually and/or medically with intra-muscular injections (sometimes 
administered into the vulva) of a drug such as Oxytocin to restart contractions) or after 
parturition (e.g., hypocalcemia). Oxytocin has the potential to actually increase the risk of 
stillbirth and may cause additional stress for the sow, and thus be counter-productive (Mota-
Rojas et al., 2002; 2005; 2006). It can produce uterine spasm rather than rhythmical 
contractions resulting in premature umbilical occlusion or rupturing, thus increased asphyxia 
and stillbirth.  
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The birth process is energetically demanding and increasing litter size has the 
potential to increase those energy demands, particularly if it causes prolonged parturition 
and the complications described above. If sows are exhausted they may refuse food and 
water, which could lead to further complications such as agalactia, which again impacts on 
both sow and piglets, with a failure to let down milk requiring further interventions and the 
potential to impact on future longevity. However, small piglets may be expelled more easily, 
which could reduce some of the impacts on the sow.  
Barrier and Haskell (submitted) found evidence that dairy cows that experienced a 
difficult calving where more likely to experience calving problems at subsequent calvings 
(although not in sheep, Dwyer and Lawrence, 2005), and also had impaired fertility. In dairy 
cows, dystocia also reduces milk yield, increases the risk of mastitis and increases the 
chances that a cow will be culled (Tenhagen et al., 1999; Rajala and Grohn, 1998).  
 
5.3. Lactation and post-weaning 
Raising a large litter not only has immediate welfare impacts for the sow during lactation, but 
could also have longer term impacts on her health, behaviour and ultimate longevity in the 
herd.  
 
5.3.1 Sow health 
During the immediate post-parturient phase, before any management interventions such as 
fostering might relieve the pressure of a large litter, the sow will be required to nurse her 
newborns. During farrowing, colostrum is let down continuously for approximately 12 hours 
before cyclical let-down starts, with colostrum and milk delivery approximately every 20 
minutes. Colostrum production is highly variable between sows (LeDividich et al., 2005), but 
colostrum quantity does not increase with increasing litter size (Devillers et al., 2007; 
Quesnel, 2011), resulting in piglets in larger litters having on average less colostrum each. 
However, there is some uncertainty about what level of colostrum intake can be considered 
enough.  As cyclical let down starts, competition for teats becomes apparent. Disputes at the 
udder will influence maternal behaviour (by causing discomfort: Fraser 1975), but could also 
influence maternal health. Piglets are born with their deciduous canines and third incisors or 
“needle teeth” fully erupted and angled in such a way that the biting actions piglets use to 
displace siblings from teats can result in serious facial lacerations (Fraser, 1975; Drake et 
al., 2008) and teat damage. Such damage to the udder could lead to infection; causing 
mastitis which if not treated could result in culling. Gerjets and Kemper (2009) quote a 
German study where litter size and farrowing duration where both found to be risk factors for 
the occurrence of sow infections in the peri-parturient period (Bostedt et al., 1998). Teat 
damage and infection are likely causes of this but interrupted sucklings may affect udder 
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health as teat disputes cause the sow to terminate milk let-down before completion, resulting 
in inadequate drainage from the teats and the potential of a distended udder, as is seen in 
newly weaned sows. 
During parturition, lactation starts and the sow’s metabolism changes from an 
anabolic to a catabolic state, facilitating the mobilisation of fat into milk (Uvnäs-Moberg, 
1989). As lactation progresses and the energy demands become more intense sows will 
further mobilise their body reserves (Quesnel and Prunier, 1995). Milk production plateaus 
by the third week in lactation, before gradually declining (Elsley, 1971). These demands 
increase with litter size and if sows cannot maintain a high feed and water intake they will 
start to lose body condition and may be at greater risk of developing injuries such as 
shoulder sores. Shoulder ulcers normally develop during the first and second week of 
lactation in sows that are too lean at farrowing. They start healing during the third and later 
weeks, when lactation peaks. Shoulder sores result from persistent and constant 
compression of the blood vessels in the skin around the tuber of the scapular spine resulting 
in insufficient blood circulation, necrosis, and subsequently ulceration. Sows with a low body 
condition score are considered more likely to develop shoulder sores because they have 
less covering or cushioning around the tuber of the spine of the scapula (Zurbrigg, 2006).  
The force and duration of the pressure, as well as the robustness of the skin are likely to 
influence the development of ulcers (Herskin et al., 2011). Sows kept in restrictive systems, 
where posture changes are limited are more at risk of developing such injuries and a recent 
epidemiological survey conducted by Bonde (2008) on 3831 Danish sows from 98 herds 
found shoulder ulcers in 17% of lactating sows kept in conventional farrowing systems. In 
the same study, weaning weight of the litter was shown to significantly contribute to the 
prevalence of shoulder sores. This latter result could be as a consequence of better nursing 
by the sow and therefore more lateral recumbency or a result of the energetic demands of 
raising a larger litter and its subsequent effect on body condition score. However shoulder 
sores have a multi-factorial aetiology and occur in other countries – such as Sweden – 
where average litter size is much lower, and lactating sows are loose. The Danish 
recommendations have changed to increased number of feedings per day, especially in the 
late part of the lactation period, where herds are feeding 3-8 times a day, both to increase 
feed uptake and to limit the time the sows spent lying without moving. The issue of shoulder 
sores has become a matter of concern in Denmark; a large-scale study at Danish abattoirs 
in 2001 recorded the prevalence of shoulder ulcers (Christensen, 2001). As a consequence, 
Danish slaughterhouses began to pressurise pork producers to reduce the number of sows 
delivered to their plants that have or have had shoulder ulcers, and  Danish legislation 
requires that sows with severe shoulder ulcers are destroyed.  
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5.3.2 Sow rest / irritation 
We have already discussed maternal fatigue during parturition, however, particularly in 
confinement farrowing systems a large litter size will result in a greater frequency of piglet 
behaviours (nosing, nibbling, exploratory) orientated towards the sow that may interfere with 
rest or cause irritation (De Passillé and Robert, 1989; Arey and Sancha, 1996). De Passillé 
and Robert (1989) suggested that since sows use posture changes to stop piglets annoying 
them, they may experience fewer proper rest periods when litters are large or the farrowing 
environment is restricted and barren. Whatson and Bertram (1982) suggested that the level 
of irritation for the sow could be decreased by providing alternative enrichment for the piglets 
to focus their attention towards. Alternative housing, where the sow can be loose for 
lactation could reduce irritation by allowing the sow the ability to move away from the litter. 
Again this would be an issue for large litters maintained on a single sow as compared to 
small litters. Presumably large litters are no more of a concern because the piglets above the 
individual sow’s maximum capacity would be removed, for fostering or culling. 
 
5.3.3 Sow longevity / burn out 
Large litter size has the ability to impact on a sow’s longevity in the herd. The physical 
impacts described in the above section, relating to poor body condition, development of 
shoulder lesions, lactational oestrus, increased weaning-to-oestrus interval, udder and teat 
health will all impact on a sow’s longevity in the herd. According to available national 
production statistics sow cull rates have increased over the last 10 years (see Table 4), with 
sow mortality showing significant increases particularly in North America. Though national 
statistics for sow cull and mortality rates are not published in Danish annual reports, a recent 
survey by Fowler (2009), reporting European statistics for 2008, recorded sow mortality in 
Denmark at 14.5% and sow replacement rate at 53.1%, with the European averages at 5.8% 
and 44.9% respectively. These high levels of mortality reported in Denmark have resulted in 
a public concern about sow longevity prompting the initiation of research into management 
and breeding programmes to improve these figures, with a goal to reducing the level by 25% 
by 2013. Sow longevity is included in the current Danish selection criterion. 
Common reasons for culling include reproductive problems, old age, and udder 
problems (Stalder et al., 2004; Engblom et al., 2007). Epidemiological studies of sow 
longevity and the factors that contribute to it often show that low litter size is one of the 
reasons sows get culled (Abiven et al., 1998; Anil et al., 2008) and conversely that litter size 
tends to be associated with length of productive life (Serenius and Stalder, 2006, 2007; 
Hoge and Bates, 2011). However, large litter size could still be an underlying cause in many 
of the other reasons sows are culled after only a relatively limited number of parities. The 
period immediately following farrowing is when the highest number of sows die on farms 
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(Engblom et al., 2007). It is not known whether the frequency of sow on-farm deaths (i.e. 
non-cull deaths) has increased in association with litter size selection. A recent 
epidemiological study (Willgert, 2011) found that farm prevalence of sow lameness 
increased with numbers of piglets produced by sows per year. 
 
Table 4: Changes in sow cull and mortality average and top 10% rates over 10 years 
for the UK and North America. 
 UK* USA? Canada? 
2000 2010 2000 2010 2000 2010 
Average mortality (%) 3.9 4.01 6.9 9.48 4.7 9.34 
Top 10% sow mortality 3.4 3.43 2.7 4.04 1.5 4.24 
Average cull rate (%) 38.1 45.95 44.6 47.48 41.1 42.73 
* Data from MLC/BPEX Pig Yearbooks 
?Data from PigCHAMP database 
 
5.4 Welfare impact on foster or nurse sows 
For a lactating sow the move to being a foster or nurse sow can be a significant transition.  
There are a number of potential welfare implications for all sows involved in the fostering 
process. The impact depends on the time in lactation when the transition is performed, how 
many piglets are involved and how well the management around the transition supports the 
sow’s need for nutrients. During the first days of lactation milk production from specific teats 
is not dependent on the sow being nursed or not (Theil et al., 2006), nor is the sow bonded 
to  specific piglets (De Passillé et al., 1988). Later in lactation the sow may experience a 
build up of milk with out being nursed at normal intervals (Thorup and Sørensen, 2006b), 
and the sow may be relocated to the new batch of piglets to reduce disease transmission in 
segregated systems (Thorup and Sørensen, 2006a). An extended lactation period will 
increase the period, where a crated sow is in the crate. If sows are not fed well, extended 
lactation may reduce backfat level and protein resources in the sow. However, Danish 
investigations indicate that the sow prospers on the extended lactation period, as lactational 
oestrous is frequently seen in nurse sows, and as litter size was increased by two piglets in 
the subsequent litter (Thorup, 2007). Pedersen and others (2010) found no increase in 
shoulder ulcers in nurse sows. 
An immediately obvious welfare consequence (in current systems) for the nurse sow 
is that her confinement within the crate environment will be extended beyond the normal 
weaning period. This may raise issues for welfare relating to both the behavioural restriction 
associated within the crate and also to potential physical damage such as shoulder lesions, 
already described. However, shoulder lesions are more likely to occur if backfat in P2 is 
below 15 mm at farrowing (Thorup, 2006). Sows chosen as nurse sows tend to be in good 
condition so may not develop shoulder ulcers as often as other sows (Pedersen et al., 2010), 
however this is an area where management – good or poor - has potential impact on sow 
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welfare. For the one-step and intermediate sows, they are early weaned at the height of 
lactational output (approximately 21 days: Elsley, 1971) and are then expected to rear 
another litter for at least 21 or 14 days respectively. For the two-step nurse sow, her natural 
litter is transferred after 4-7 days after which she rears another litter for at least 21 days 
leading to a total lactation of at least 25 days. If the intermediate sow’s litter is weaned at 21 
to 28 days and she rears the two-step sow’s litter for another 21 days (if the piglets were 7 
days when transferred, 14 days will do), she has the potential for 42 to 49 days in a 
farrowing crate, not including the pre-farrowing period when she is transferred from dry sow 
accommodation to the farrowing house. One study of crated sows suggested that by 29 days 
in a crate, they were beginning to show a higher cortisol/adrenocorticotropin ratio following 
corticotrophin-releasing hormone injection, suggesting changes in the Hypothalamic Pituitary 
Adrenal axis indicative of chronic stress (Jarvis et al., 2006a) and assurance schemes such 
as RSPCA freedom foods in the UK have placed limits on the duration of crate confinement 
to 28 days because of such concerns. This extensive period of restriction also prolongs 
lactational output, impacting on body condition (Kim and Easter, 2001; Prunier et al., 2010), 
with potentially injurious consequences already described. In practice, since nurse sow 
generally rear a litter of smaller piglets at a high feed intake, they may come onto heat, 
which suggests they are in an  anabolic state since heat during a catabolic state is not 
expected to occur (Kuller et al., 2007; Kuller, 2008). In addition to the physical and 
behavioural restrictions imposed, there are also potential impacts because of the parent-
offspring conflict regarding lactational output: Early on in lactation the needs of the sow and 
her litter may be quite well aligned in terms of milk production, with the sow still investing 
energy in her current litter. However, during the latter stages of lactation the needs of the 
sow and her litter become increasingly divergent. A power struggle over maternal resources 
develops with each party operating an evolutionary strategy for survival. The piglets must 
consider their own survival and soliciting as much milk as possible from the sow will aid in 
their growth and development. The strategy adopted by the sow is one of balance: she must 
balance the needs of her current litter with the needs of possible future litters and thus her 
lifetime reproductive success. Therefore, in order to maintain body condition whilst still 
providing for her current litter, she will reduce the number of milk let-downs per day. This can 
only be efficiently accomplished by a gradual separation from the litter, thus a control of her 
lactational output. In environments where the sow is kept loose for lactation, she is better 
able to control her output (Pajor et al., 1999), however even in farrowing crates sows are 
observed attempting to limit the piglets’ suckling in the few ways possible: by standing or 
sitting and by spending more time resting on their sternum (thus, covering the teats) (De 
Passillé and Robert, 1989; Rantzer et al., 1995; Pedersen et al., 2011). In these examples 
the behavioural responses of the sow are seen as an adaptation to favour her future 
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reproductive output (Weary et al., 2008). For the intermediate and one-step sow, she will be 
receiving a litter whose needs are very different to her own and are likely to impact on her 
future reproductive success. Evidence from Danish research lends supports to this argument 
by demonstrating that nurse sows, on average, take one extra day to come on heat (Thorup, 
2007). However, this could be due to the occurrence of lactational heat (anabolic state) and 
not due to a catabolic state, since it was also found that nurse sows subsequently had two 
piglets more in the following litter than control sows. The delay in return to oestrus could also 
be explained by occasional lactational heats. However, a large literature has shown that an 
energetically expensive lactation is associated with subsequent fertility problems (Quesnel 
and Prunier, 1995; Close and Mullan, 1996; Prunier and Quesnel, 2000; Thaker and Bilkei 
2005; Quesnel, 2009; Prunier et al., 2010), but the extent to which this affects nurse sows is 
unclear. 
When a sow is transitioning to become a nurse sow, the limited literature available 
reports that she does not lactate for an extended period of time (3-12 hours), which is likely 
to cause significant discomfort in the udder and could initiate lactational oestrus (Thorup, 
2007). Whilst this transition probably results in some acute pain for the sow, there could be 
ongoing chronic pain as her milk yield has to adjust to the smaller demands of a younger 
litter. Farmer and others (2007) looked at the incidence of mammary gland involution and 
endocrine changes in early and late weaned sows. Mammary involution is the process by 
which the fully functional  lactating mammary glands regress to a quiescent, resting  state 
(Monks et al., 2002). This process is associated with drastic endocrine changes and during 
forced weaning milk accumulates rapidly  within the glands and hormonal withdrawal is 
immediate and complete (Monks et al., 2002). This latter impact has potential consequences 
for the sows when they are early weaned from their own piglets and are waiting for their new 
piglets. In fully weaned animals the process of involution is inevitable and potentially 
functional; in diary cows for instance, changes occurring in the gland may be required for the 
gland to redevelop fully for maximal milk yield in the subsequent lactation (Hurley, 1989). In 
an experiment with rodents Hanayama and Nagata (2005) demonstrated that when 
involution of mammary glands was impaired, these glands showed periductal mastitis and 
their redevelopment for the next lactation was poor. For nurse sows then, there may be 
detrimental effects on mammary tissue because of the interruption in let-down when they are 
early weaned and in transition.  
There are likely to be welfare concerns with the issue of early separation from the 
natural litter and the stress of accepting a foreign litter, some of which is exacerbated by 
distress that is often displayed by the foster litter (see sections 4.7.2 and 4.7.3). Fostering 
whole litters may lessen  disruptive behaviours, however the actions of the foster piglets will 
influence the sow’s behaviour and when performing the fostering process, researchers have 
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reported that sows experience stress and often do not nurse their new litter for 6 hours after 
being given them (Thorup and Sorensen, 2006b). Such behaviour will cause the piglets to 
become more frantic for milk, which may enhance their disruptive behaviour; in an 
experiment where piglets were separated from the sow, they vocalised more frequently if 
they were chilled or hungry (Weary and Fraser, 1995). Work by Horrell and Hodgson (1992) 
showed that piglets appear to be able to distinguish their own sow from an alien sow from 12 
hours old. Thus the initial behaviours with the nurse sow maybe disruptive if they are calling 
for milk, but less disruptive than if they are calling for milk and suffering from maternal 
separation. For the 4-7 day old piglets in these management scenarios the process is likely 
to be more difficult because mother-offspring bonds have been formed and a teat order has 
been developed. Additionally, handling stress for the sow is likely to occur because nurse 
sows are usually moved to the new litter to minimise disease transfer. However this 
movement further delays the acceptance of the litter. In the one-step nurse sow 
management routine this stress may manifest itself in poor maternal behaviour, with 18-20% 
piglet mortality rates reported (Thorup and Sorensen, 2006b).  
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6. Mitigating the welfare impacts of large litter size 
 
SUMMARY: 
 
Several possible approaches to mitigating health and welfare issues 
associated with large litter were identified and are summarised in Table 2. 
 
• To truly address the issue will likely require a global approach where several 
different strategies are implemented all with the ultimate goal of improving pig 
welfare in Denmark and in other countries using Danish genetics. 
 
At a national level an important mitigation strategy is genetic selection 
encompassing traits that promote piglet survival, vitality and growth  
• With the introduction in Denmark of the breeding objective LP5 (selection for 
number of piglets alive at 5 days rather than total number born) neonatal survival 
has improved in breeding and multiplier herds and is expected to improve in the 
commercial herd, as dissemination of the new genetic stock increases. 
• Several other options for genetic strategies also show promise and are 
discussed in the report. 
Nutrition for gilts and sows, through rearing, gestation, lactation and 
subsequent reproductive cycles could also contribute to improving piglet 
outcomes. 
• Several components of gilt and sow diets have been shown to improve piglet 
outcomes (both early life vitality and survival and later health and welfare). 
• Given that variability of piglet birth weights is associated with piglet mortality sow 
nutritional changes aimed at more uniform birth weights may be worthwhile. 
• Assessment of how viable some of these are for practical implementation will 
require consideration of cost and sustainability, in addition to wider 
demonstrations of beneficial effects. 
At an individual farm level, management can be improved to promote piglet 
survival and subsequent life vigour. An important concept is that management 
at all stages of the reproductive cycle, not simply in the farrowing 
accommodation, can impact on piglet outcomes. 
 
Understanding the attitudes and behaviours of stockhandlers that contribute 
to variable farm outcomes and designing intervention training could be an 
important source of progress. 
• Farrowing supervision and early interventions such as drying and heating piglets 
can play a role in improving piglet survival. 
• However, irrespective of the quality of management in the farrowing house poor 
stockhandling at earlier stages of the reproductive cycle can create fearful 
animals with increased likelihood of showing poor maternal behaviour. 
• Minimising the stress that sows experience during pregnancy will help support 
the later health and welfare of their developing offspring. 
• Stockhandler attitudes and behaviours are susceptible to improvement through 
on-farm training, and such training can have clear benefits for piglet survival. 
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A selection of possible mitigation strategies to reduce the welfare impact of large litter size 
and its knock-on consequences, over the short, medium and long-term, are presented in 
Table 2. These strategies include genetic, nutritional, environmental and management 
approaches to deal with large litter sizes and their welfare consequences. Many of these 
strategies relate to the central issue of piglet mortality. However, we should keep in mind the 
other consequences of litter size for welfare and consider strategies to address these also. It 
should be stressed that different strategies may be more or less effective in different cases 
and with regard to different purposes. Genetic strategies are mainly important in the long 
term but will result in a permanent, cumulative and potentially high dissemination of 
response. Further, for most survival-type traits, 0-15% of the variation is genetic, whereas 
85-100% is environmental. This implies that environmental factors are generally more 
important than genetic, and that efforts to reduce piglet mortality should focus on 
environmentally focussed strategies. This section of the report aims to provide a broad 
overview of possible areas where improvement might be made and is not comprehensive in 
its scope. 
 
6.1 Genetic strategies 
Current breeding strategy. The current pig-breeding strategy in Denmark has had a 
favourable impact on both litter size and piglet mortality (Figures 4 and 5). An indirect 
selection strategy was implemented in the Danish breeding programme in 2004, where the 
selection criterion was changed from litter size (total number born) to LP5 (number of live 
piglets at day 5). An observable response is now apparent in the purebred gilts with an 
increase of ≥1.5 live piglets at day 5 in 2011 compared to 2004 (Figure 4; Nielsen and Berg 
2011). This improvement has been accompanied by a 6% better survival rate (corresponding 
to ≥20% less mortality; Figure 5; Nielsen and Berg 2011). As dissemination of genes (Figure 
6) from the purebreds to the crossbred sows increases over the next years, this response 
should also become apparent at the production level. Dissemination of selection response to 
production herds is a slow process though. It is estimated based on gene-flow principles that 
initially small changes are seen until an equilibrium rate of change corresponding to the 
breeding nucleus is reached five to six years after changes in the breeding nucleus, in herds 
pursuing replacement gilts in multiplier herds (Personal communication: Henryon, PRC). So, 
genetics can help, but progress takes years and depends on the replacement strategies of 
the production herds. 
The current strategy is to increase litter size simultaneously with reducing piglet 
mortality, because LP5 has a high, positive genetic correlation with number of weaned pigs 
as well as moderate, positive genetic correlations with survival rate at birth and survival rate 
until 5 days. Selection for LP5 should therefore increase both litter size and survival. 
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Moreover LP5 is not genetically correlated to survival rate from day 5 until weaning, so 
selection for LP5 should not have negative effects on survival after day 5 (Su et al., 2007). 
So, LP5 appears to be a well-suited trait for selection. 
 
 
Figure 4: Development in the total number born and number of live piglets at day 5 
from 1990/2004 to 2010. Based on litters from all purebred gilts (only first parity litters) 
in the Danish breeding- and multiplier system. 
 
 
Figure 5: Development in the survival rate and number of dead pigs at day 5 from 
2004 to 2010. Based on litters from all purebred gilts (only first parity litters) in the 
Danish breeding- and multiplier system. 
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Figure 6. Genetic level in production sows, in herds pursuing replacement gilts in 
multiplier herds, in years after a change of selection criterion in the breeding nucleus 
herds. 
 
 
Principles of selection for litter size and piglet survival. The feasibility of genetic strategies 
depends on many factors. Genetic response can mostly be achieved provided that the traits 
are heritable and sufficient genetic variation is present. Obtaining genetic response is not a 
trivial task though. It requires large amounts of information on phenotypes and pedigree 
information to estimate accurate heritabilities, genetic correlations among relevant traits, and 
breeding values to rank animals for selection. The genetic response depends on the 
accuracy of these parameters. The parameters will be more accurate with more phenotypes 
on selection candidates or more genetically-related animals. Higher prevalence (of e.g. 
mortality), informativeness (continuous vs. categorical scale of measure), and measurability 
(objective vs. subjective) also lead to higher accuracy and response. The genetic response 
also depends on the genetic correlations among traits in the breeding goal (e.g. growth, litter 
size, survival) and their relative economic/non-market values. For example, even though 
there is a positive (unfavourable) genetic correlation between litter size and mortality, it is 
possible to both increase litter size and reduce mortality as long as the genetic correlation 
between the two is <1. A correlation close to 1 will cause response to be very slow and 
costly in terms of lost genetic response in other traits. Feasibility of genetic strategies is 
currently limited by all these factors. In the future, there is hope among quantitative 
geneticists that Genomic Selection can enable more efficient use of phenotypes (Mark and 
Sandøe, 2010), for example from crossbred pigs on production farms. Knowledge on how 
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and whether this will be possible is still limited, but in the Danish breeding programme, a 
large-scale research-project on e.g. the ability of sows to nurse piglets (thereby improving 
survival) is currently running. 
Piglet survival can be improved genetically through different strategies: by direct 
selection for survival or by indirect selection for related traits. The current pig-breeding 
strategy in Denmark uses indirect selection by selecting for LP5. 
 
Alternative strategies. There are several alternatives to the current breeding strategy that are 
worthy of consideration. 
 
(i) Direct selection for piglet survival. Survival or mortality traits are already to some extent 
recorded by breeding organisations, which would be an advantage for implementation in 
breeding programmes. Unfortunately, they are statistically very difficult to handle. 1) 
Because of their categorical nature and censoring, complex statistical methods are 
necessary (survival analysis and threshold models.) Such methods have not been available 
in standard software for estimation of genetic parameters and breeding value estimation until 
very recently (Ødegård et al., 2010). The prevalence of mortality is relatively low which 
makes it difficult to distinguish and rank the selection candidates. 3) Piglet survival is 
affected by two genetic components, firstly direct genetic effects on the potential of the piglet 
(with respect to it’s vitality, growth, resistance, etc.) for survival, and secondly maternal 
genetic effects on the mother’s potential to provide optimal conditions (birth conditions, milk 
yield, mothering ability, etc.) for piglet survival. The direct effect of piglet survival tends to be 
less heritable than the maternal effect under indoor conditions (Lund et al., 2002; Arango et 
al., 2006; Su et al., 2008; Kapell et al., 2011). Moreover, there are negative genetic 
correlations between direct genetic and maternal genetic effects (Arango et al., 2006; Su et 
al., 2008; Roehe et al., 2010; Kapell et al., 2011). For postnatal survival, cross-fostering of 
piglets has to be considered so that genetic models with biological and nurse sow effects 
may influence the accuracy of the genetic evaluation of all genetic effects. However, the 
direct effect is difficult to distinguish from the maternal since all piglets are fostered at least 
for a short period at the biological mother, and it will currently be a challenge to obtain 
correct and precise information on the nurse sow. These complexities make the current 
selection strategy more appealing than direct selection for piglet survival. If faster selection 
response on survival than the current is desired, then direct selection for piglet survival (e.g. 
overall, depending on underlying causes or different ages; Table 2) is a good additional 
strategy. 
Selection for overall survival in the weaning period has the advantages of a relatively 
high prevalence and ease of recordings. Heritabilities of overall survival are relatively low: 
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e.g. direct: 0.03 and maternal: 0.05 and 0.09 (Grandinson et al., 2002; Arango et al., 2006). 
Mortality due to underlying causes, such as crushing, has the advantage of reflecting a 
specific biological background, but the prevalence becomes low and phenotypes will be 
subjective. Heritability estimates of mortality due to underlying causes are low for the 
maternal genetic component (0.03-0.06) and even lower for the direct component 
(Grandinson et al., 2002; Hellbrügge et al., 2008). In a recent Danish study, the maternal 
heritability for overall mortality (stillborn + piglets dying pre-weaning; 0.09) was higher than 
the heritabilities for underlying causes (e.g. 0.002 for crushing and 0.02 for stillborn; Strange, 
2011). This suggests that selection for overall mortality (stillborn + pre-weaning mortality) will 
yield a higher genetic response than selection for underlying mortality traits. Selection 
against mortality in different age periods yields slightly higher heritabilities perinatally (direct 
and maternal: 0.01-0.06; Su et al., 2008, and maternal: 0.15; Grandinson et al., 2002) than 
after 5 days until weaning (0.02-0.03; Su et al., 2008). Genetic correlations between 
perinatal and postnatal survival of direct as well as maternal genetic effects are reported to 
be low which indicates that postnatal piglet survival is under different genetic control 
compared to perinatal survival (Arango et al., 2006; Su et al., 2008; Roehe et al., 2009; 
Roehe et al. 2010). This supports research examining phenotypic traits of piglet survival 
under outdoor conditions (Baxter et al., 2008; 2009), where the authors showed that 
perinatal survival was explained by piglet shape and size, whereas postnatal survival relied 
heavily on piglet and maternal behavior. Thus different biological traits relate to the different 
types of mortality. Treatment of postnatal survival into traits of early (e.g. to day 5 of age) 
and late postnatal piglet survival was suggested by Arango et al. (2006) and Su et al. (2008) 
because their genetic correlations were low suggesting that different genetic effects control 
also these traits. Similarly, in a recent Danish study, stillborn mortality was found not to be 
genetically correlated with mortality after birth until weaning (Strange, 2011). Generally, 
negative correlations between direct and maternal genetic effects within survival traits have 
been estimated, with larger negative correlations for postnatal than for perinatal survival 
(Arango et al., 2006; Su et al., 2008; Roehe et al., 2010; Kapell et al., 2011), which has to be 
considered to maximize overall selection response in piglet survival. Given the genetic 
parameters, the best potential strategy to increase the current selection response for survival 
further seems to be to focus on the maternal component of overall perinatal mortality. 
 
(ii) Selection for survival in challenging environments. Heritabilities of piglet survival traits are 
reported to be low under indoor conditions. Under outdoor condition, Roehe and others 
(2010) found that in particular the direct heritability was substantially higher than those 
reported under indoor conditions. This indicates that piglets were highly environmental 
challenged under outdoor conditions and showed greater genetic differences than those 
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kept in an indoor environment (crate systems) which highly protects piglets. Furthermore, the 
selection took place based on EBVs of boars estimated for performances obtained under 
indoor conditions whereas the sow performances were obtained under outdoor conditions, 
so that the obtained selection responses under outdoor conditions may indicated that this 
shift in heritabilities did not result in genotype-environmental interactions associated with 
genetic re-ranking. Here the environment (lack of challenge) restricts the amount of 
information available for genetic evaluation. Selection for survival in outdoor conditions or 
challenging environments in general is not a viable strategy unless pig farming in general will 
become outdoor farming. 
 
(iii) Indirect selection for higher birth weight. Phenotypically, individual birth weight is closely 
associated with piglet survival (Kerr and Cameron, 1995; Roehe and Kalm, 2000; Canario et 
al., 2006). Genetically, the relationship between individual birth weight and survival seems to 
be complex. For example, Knol et al., (2002) found no or even unfavourable genetic 
relations between birth weight and survival. Grandinson (2003) found a favourable 
correlation between crushing and birth weight, but an unfavourable correlation between still 
birth and birth weight. Knol et al., (2002), Grandinson et al. (2002) and Su et al. (2008) all 
concluded that breeding for increased birth weight will not necessarily result in higher overall 
survival rate. Furthermore, higher birth weight might cause problems for the sow during 
gestation and labour. Indirect selection for higher birth weight is, therefore, not a 
recommendable selection strategy for improving piglet survival. Alternatively, selection for an 
optimum birth weight (i.e. birth weight associated with lowest stillbirth) may be of advantage 
for survival, growth of piglet and even litter size (see Alternative Strategy (iv) below).   
 
(iv) Indirect selection for lower within-litter birth weight variation. Given the association of 
high neonatal-weight variation with lower survival and more variable weaning weights 
(Roehe, 1999; Milligan et al., 2002; Quiniou et al., 2002), there is an impetus to select for 
more homogeneous litters (Damgaard et al., 2003). Increased litter size increases the 
heterogeneity or within-litter birth weight variation (Roehe, 1999; Milligan et al., 2002; 
Quiniou et al., 2002) and increases the risk of mortality (Roehe and Kalm, 2000). Reducing 
the heterogeneity of litters could potentially be more important than the increase of individual 
birth weight and this is not a new observation (English and Smith, 1975), yet it has not been 
effectively addressed. Recent work in this area in other polytocous species has utilised 
canalised selection strategies to aim for an optimum birth weight, which effectively pulls in 
the extremes in the population (i.e. the runts and the giants) to aim for a more homogenous 
litter. In a selection experiment with rabbits, selection for within-litter homogeneity lowered 
mortality levels compared to more heterogeneous litters (Garreau et al., 2008). Selection for 
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increased uniformity would imply selection for reduced phenotypic variance. This can in 
principle be achieved in two ways: 1) by reducing the additive genetic variance for birth 
weight, or 2) reducing the environmental variance for birth weight. Reducing the additive 
genetic variance is not desirable due to a reduced ability of the pig population to respond to 
environmental changes. Reducing the environmental variance by selection is in principle 
possible, but very difficult due to e.g. low heritabilities (Mulder et al., 2008). Moreover, direct 
selection on a combination of survival rate and litter size is likely to entail reduced within-litter 
variation of birth weights (Knol et al., 2002; Grandinson et al., 2002). Keeping in mind that 
piglet survival is the actual breeding goal and survival data are more readily available than 
birth weight data, direct selection, therefore, seems more straightforward. 
 
 (v) Indirect selection for sow nursing ability. Another possible strategy would be to breed for 
the sow’s ability to nurse her piglets, i.e. to focus on the sow factor in survival rather than the 
piglet factor. The genetic potential to select for good mothering ability was shown by Baxter 
et al. (2011), where selecting for improved piglet survival resulted in these selected gilts 
displaying significantly less crushing behaviour than a control population.  Selection for sow 
nursing ability could, for example, be done through selection for more teats (Hirooka et al., 
2001). Teat number has a moderate heritability (Pumfrey et al., 1980) but is also susceptible 
to environmental influences in early development (e.g. proportion of males in birth litter: 
Drickamer et al., 1999b). Apart from the practical difficulties, selection for greater teat 
number may have undesirable side effects i.e. if it is associated with a longer spine and 
associated defects.  It has also been suggested that genetic and phenotypic correlations 
between teat number and other genetic traits are negative (Pumfrey et al., 1980). Another 
option would be to select for a more general ability of the sow to nurse her piglets. Currently, 
PRC is investigating the potential of selecting for the sows ability to nurse 14 piglets in a 
large scale study. Litters of all sows are equalized to 14 piglets and the number of piglets still 
alive at weaning will be the trait for selection. This trait is simple to measure (objective), and 
the idea is that this trait includes several underlying traits (some subjective), such as milk 
yield and –composition, teat number and sow maternal behaviour. The potential of this trait 
for improving piglet survival remains to be seen. 
 
(vi) Indirect selection for general robustness. Selection for a generally more robust neonate 
(Knap, 2005) may allow for increased litter size with fewer complications. Such a strategy 
may also deal with some of the broader issues for surviving pigs in which litter size has a 
contributory role. Given the possible negative impacts on stress responsiveness and 
increased disease risk, breeding for improvements in these traits has been explored in 
experimental studies with pigs. However, there is high uncertainty as to what is the best trait 
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to breed for (e.g. Knap and Bishop, 2000; Morméde et al., 2011) and care has to be taken 
that such changes do not have unintended side effects (D’Eath et al., 2010). Furthermore, 
the relationship between physiological or behavioural parameters putatively related to stress, 
and underlying affective states is unclear and these parameters are often difficult to 
measure. Therefore, the concept of breeding for robustness has been suggested in a 
number of livestock species (e.g. Star et al., 2008). Knap (2005) has defined robust animals 
as animals “that combine high production potential with resilience to external stressors, 
allowing for unproblematic expression of high production potential in a wide variety of 
environmental conditions”. The Meishan breed of pigs appears to be able to support a 
greater litter size (of smaller piglets) to term compared with its occidental conspecifics due to 
the decreased pre-implantation growth rate and oestrogen biosynthetic activity of the 
Meishan conceptus compared with European and U.S. breeds, which allows more 
conceptuses to survive beyond day 18 of gestation (Wilson et al., 1998). Meishans are also 
thought to have more efficient placentas. Selection for increased placental efficiency (i.e. 
grams of piglet produced per grams of placenta - piglet birth weight/placental weight) is a 
possible way of improving survival (Mesa et al., 2005, 2006), but it is also a complicated trait, 
which should be treated with care (Van Rens et al., 2005). Meishans potentially have an 
extra advantage over Western breeds because of the maturity of the piglets at birth (Le 
Dividich et al., 1991; Herpin et al., 1993; Leenhouwers et al., 2001). Large White and 
Landrace breeds are selected for a leaner meat, which has a negative impact on the 
neonatal piglet which is born with less physiologically mature organs and little or no adipose 
tissue. The on-going public demand is for lean meat and therefore the Meishan, being a 
fattier breed, is less commercially viable despite its more physically capable piglets. 
However, lessons could be learned from the success of this breed and the physical 
characteristics of its piglets, although it is not immediately clear, how breeding should be 
done for general robustness. One possibility is through phenotypic plasticity or the 
environmental sensitivity of the expression of genetic production potential (De Jong and 
Bijma, 2002; Knap, 2005). Existing statistical methodology to deal with phenotypic plasticity 
is highly complex (e.g. reaction norms; Kolmodin and Bijma, 2004), and there is a lack of 
clarity on the effect of this approach on survival. Selection for robustness may, therefore, 
have some potential in the future, but the current strategy or direct selection for survival are 
more likely to be successful strategies.  
 
There are at least five important questions regarding the genetic strategies against piglet 
mortality in relation to litter size: 
i) How can sufficiently reliable and informative phenotypes be collected for successful 
direct selection on health traits such as piglet survival? 
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ii) Do sow nursing ability traits affect litter size and piglet mortality and how much? 
iii) Which phenotypic trait(s) appropriately describes sow nursing ability or in other words 
incorporates the full maternal genetic effect on piglet survival? 
iv) How can robustness be measured and/or modelled in a feasible manner in a 
breeding program? 
v) What is the relationship between robustness, litter size and piglet mortality? 
 
i) Selection in pig breeding is largely based on phenotypic information on purebreds in 
breeding herds rather than the crossbred products in production herds. For selection for 
improved survival, phenotypes collected in the production herds would be desirable, 
because health status is generally lower than in breeding herds. There are at least three 
reasons why selection cannot currently be realized based on phenotypes from production 
herds. Firstly, the crossbred animals are so remotely genetically related to the breeding 
stock that the phenotypic measurements in the crossbreds are not informative for estimation 
of breeding values in the breeding stock. Secondly, even if this problem of distant genetic 
relationships could be solved, there is still need for a reliable and economically viable system 
for tracking the genetic relationships. Thirdly, collecting the phenotypes would be a massive 
amount of work and difficult to streamline with risk of phenotypes not being trustworthy due 
to e.g. errors and subjectivity of producers or technicians. It has been suggested that 
genomic selection might help to solve the first and the second problem, but this area still 
needs further investigation. Genotyping is also still relatively expensive and thus optimizing 
on which animals to genotype would also still be necessary.  Among others, studies on 
marker informativeness in both pure- and crossbreds and on how many and which 
crossbreds genotyping would help to clarify the potential of genomic selection to solve these 
issues. In the future, the third problem can potentially be solved by the use of digital chips 
that can measure phenotypes automatically and on an individual basis. This is an area under 
immense development, but for most phenotypes it is not yet available, and the current costs 
still limit the potential for large-scale use. It would be useful to develop small, easy to use 
and maybe reusable chips that can measure traits of direct importance in pig breeding goals, 
such as body weight, feed uptake or time of death. 
 
Ii & iii) Selection for improved sow nursing ability might improve piglet survival even in large 
litters, but it is not currently clear how such selection should be done; i.e. which trait(s) 
should be measured and how should they be modelled statistically. There is clear evidence 
that the maternal impact on piglet survival is larger than the direct effect of the piglet. The 
relationship between specific traits that reflect sow nursing ability and litter size or piglet 
survival is not known, though. Studies to investigate the relationship between a variety of 
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sow nursing traits, litter size and piglet survival would be useful for effective implementation 
of selection for improved sow nursing ability. 
 
iv & v) Selection for increased robustness in pigs has been suggested as a means to not 
only improve piglet survival, but also to reduce stress and piglet morbidity. How to define 
robustness as a trait to include in the breeding goal of a pig breeding program is still a matter 
of discussion. Examples of definitions are: “Pigs that combine high production potential with 
resilience to external stressors, allowing for unproblematic expression of high production 
potential in a wide variety of environmental conditions” (Knap, 2005), ‘‘The minimal variation 
in a target feature following a disturbance, regardless of whether it is due to switching 
between underlying processes, insensitivity or quickly regaining the balance” (Ten Napel, 
2006), “an animal under a normal physical condition that has the potential to keep 
functioning and take short periods to recover under varying environmental conditions” (Star 
et al., 2008). Studies on how implementation of robustness given any of these definitions will 
actually affect litter size and survival are still needed to enable effective implementation of 
selection for robustness. 
 
6.2 Strategies from early life to conception  
 
6.2.1 Staff attitudes and behaviours towards pigs 
People remain the most important contributor to animal welfare outcomes within any given 
farm system. Standards of care in the peri-partum period can contribute greatly to piglet 
welfare outcomes (see section 6.4.2). A wider issue relating to farm staff is the important 
concept that staff actions at all stages of the reproductive cycle from gilt rearing onwards can 
impact on piglet outcomes. Care and attention to gilt sow management before and during 
gestation has been shown to impact on piglet survival and lifetime welfare outcomes in a 
number of studies. Such effects may not be apparent because cause and effect are 
separated in time, and particularly in large units staff may specialise in particular parts of the 
farm (so for instance staff responsible for sow management may not feel any responsibility 
for piglet survival).  
Hemsworth and colleagues over a number of studies have clearly demonstrated the 
sequential links between the attitudes that stockhandlers have towards pigs, their 
subsequent behaviour towards pigs, the impact this has on pig fear levels and finally the 
consequences of increased fear for production and reproduction (Hemsworth et al., 1995). A 
variety of characteristics such as job satisfaction, personality, general attitudes to animals 
and external recognition combine to influence attitudes and behaviours and these also can 
shift and become more embedded through mutual reinforcement (e.g. negative behaviours 
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increase pig fear reinforcing the attitude that pigs are difficult to handle (Hemsworth et al., 
1995).  
 A number of these studies have investigated consequences for reproductive 
variables in addition to production variables such as growth rate. For instance, a strong 
negative relationship was found between sow fear towards humans and the number of 
piglets born per sow per year (Hemsworth et al., 1981). Hemsworth and others (1989) also 
found a clear link between sow fear of humans and reproductive outcomes. They 
furthermore demonstrated a link between stockhandler attitudes or behaviours and sow 
reproductive outcomes. The proportion of physical interactions with pigs that were negative 
was significantly related to both total litter size and number born alive. The attitude of 
stockhandlers on verbal effort required to move pigs also significantly correlated with 
numbers born alive. In another study, 18% of the variation, between farrowing units, in the 
proportion of stillborn piglets was accounted for by variation in how sows responded to 
approach from an unfamiliar human (Hemsworth et al., 1999). The implication of all this work 
is that farms using the same genetic stock, the same nutritional strategy and with the same 
housing and husbandry conditions can still vary widely in piglet outcomes as a consequence 
of how gilts/sows are handled before they ever reach the farrowing accommodation.  
Training to improve stockhandler attitudes and behaviours towards pigs on Australian 
farms was shown to improve the number of piglets weaned per sow per year by 5% during a 
period when control farms showed a 2% decrease in that measure (Hemsworth et al., 1994). 
This training program involved providing information on how pig productivity and welfare are 
impaired by the action of stockhandlers and information on how to behave towards pigs to 
minimise fear. There may be additional benefits of implementing staff training schemes and 
staff retention six months after a training intervention was found to be increased (Coleman et 
al., 2000). Stockhandler behaviour during lactation can also impact on how successfully 
piglets cope with weaning (Sommavilla et al., 2011). Interestingly, Hemsworth and 
colleagues (1989) refer to one of their own unpublished studies which showed a poor link 
between how farm managers assessed their staff (in terms of competency/skills/attitudes 
and experience) and the behaviour of those staff towards pigs. This implies that in many 
cases management may have an inaccurate picture of their staff and may not realise the 
potential role they play in poor piglet outcomes.  
Hemsworth and co-workers (1995) noted that the impact of human presence on 
piglet mortality probably interacts with general fear levels on a farm. Particularly for crushing 
and savaging related deaths human presence may be a risk factor when sow fear levels are 
high. A relationship between a shy or anxious behavioural profile and later impairments of 
maternal behaviour was shown in a study (Marchant-Forde, 2002) that classified gilts on a 
behavioural ‘shy-bold’ continuum on the basis of their response in a human-approach test 
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conducted during pregnancy. Gilts at the shy end of the spectrum were more likely to savage 
their offspring. Increased fearfulness may be a significant risk factor for piglet-directed 
aggression, particularly when sows are farrowing in a loose environment. Indeed, piglet-
directed aggression has been proposed as a fear reaction towards the newborn piglets 
(English et al., 1977). More general detriments to sow maternal behaviour as a consequence 
of maternal anxiety were reported by Janczak and colleagues (2003) who found associations 
between behavioural measures of fear and anxiety at around two months of age and later 
quality of maternal care as reflected by piglet mortality. Neophobia and nervousness towards 
humans has also been found to be associated with piglet crushing (Lensink et al., 2009).  
Although there is no direct evidence that increasing litter size is related to maternal 
fear, a study in rodents suggests such an effect can occur (D’Amato et al., 2006). However, 
irrespective of whether litter size or other factors are causally related to fear or not, efforts to 
optimise maternal emotionality – using genetic selection or rearing conditions that promote 
the development of calm temperament – may go some way to ameliorate the outcomes of 
litter size. Just as large litters require the highest possible standards of stockhandling, they 
also require that sows are produced which have the highest possible quality of maternal 
care. Reducing general fear levels in reproducing females may go some way towards 
mitigating the negative effects of being born in a large litter on mortality risk.  
The studies from Hemsworth and colleagues clearly show not just that staff outside 
of the farrowing unit can have a major impact on piglet survival but that training interventions 
can beneficially impact on this relationship. This suggests that the development of similar 
materials and a training program for stockhandlers could be highly beneficial as part of a 
national program to address piglet mortality and welfare consequences of large litter size. 
Large litters place greater emphasis on skilled labour, not just more labour per se.  However, 
some of the issues identified here in relation to large litter size could be effectively mitigated 
by good quality management. For many of these possible solutions it is not enough that 
industry leaders and representatives know what needs to be done. Communicating that 
effectively to farmers in order to cause change requires interactions with social science and 
psychology. Recent work with dairy cow welfare (Leach et al., 2010ab) and specifically the 
pressing issue of lameness has suggested new routes of communication that can better act 
to provoke actual change in farm practice. This work starts with an effort to fully understand 
all possible barriers to farmers implementing change and has highlighted the fact that to 
change behaviour in any scenario requires more than the simple transfer of information. 
Perhaps surprisingly, from a farming perspective this work has also shown that 
communicating information on financial benefits of altering behaviour is not all that effective 
either. It is important to remember that individual farm owners and staff will be motivated by 
different things (Edwards-Jones, 2006; Leach et al., 2010b) and in some cases financial 
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reward can actually be quite low down the list of farmers’ goals. In fact communication 
methodologies closer to those practiced in advertising and marketing may be necessary. A 
key concept here is the importance of communicating information in such a way that the 
person receiving the information comes to believe they thought of it themselves. Additionally 
farmers are more likely to change when they understand that benefits outweigh barriers and 
when they know other farmers are also making similar changes.  
An important step that could be taken, therefore, is making an effort to better 
understand attitudes of stockhandlers to piglet mortality. A significant danger with welfare 
issues that develop slowly over time in any particular production system is that the individual 
people involved gradually shift their perception of what is normal and accept the current 
situation as inevitable. Within the dairy industry a gradual disconnection has developed 
between cow lameness levels and farmers perception of how bad the situation on their farm 
is (Whay et al., 2003; Leach et al., 2010a).  Similarly, Danish pig farmers may not perceive 
piglet mortality as a welfare issue, and some of the other tangential welfare issues of litter 
size may not be noticed at all.  
 
6.2.2 Pre-conception nutrition and other factors 
Gilt nutrition prior to conception may also contribute to outcomes in her first litter. Feeding 
gilts a diet with slightly reduced vitamin A content during conception and the first 30 days of 
pregnancy had no impact on litter size but lowered within-litter weight variation at birth and 
tended to lead to fewer low birth weight piglets being born (Antipatis et al., 2008). Inclusion 
of sugar beet pulp prior to conception or in sows from lactation through to service has been 
shown to improve embryo survival (Ferguson et al., 2006, 2007). Antipatis and colleagues 
(2008) concluded that nutritional strategies, such as manipulating maternal vitamin A status, 
to increase litter weight homogeneity need to be implemented either before mating or during 
the early pregnancy period. Quesnel and others (2008) found that the coefficient of variation 
for birth weight increased from 15% to 24% as litter size increased from less than ten piglets 
to greater than 15. However, their statistical model which included litter size, parity, year of 
sow birth and season at conception, only explained 20% of the overall variation in birth 
weight uniformity. Even allowing for the proportion of variation that may be due to genetic 
sources (Kapell et al., 2011), the implication is that a substantial proportion of birth weight 
variation is due to other maternal/environmental factors. Some of these may be amenable to 
manipulation to produce more uniform litters. Maternal diet before conception can also 
impact on offspring behavioural traits (Ashworth et al., 2009). For instance, in mice a pre-
conception low protein diet was found to increase levels of fear/anxiety in later offspring 
(Watkins et al., 2008). 
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A recent finding in mice, showing that air pollution prior to conception can impact 
upon prenatal survival and fetus size (Veras et al., 2009) points towards the possibility that 
wider aspects of the environmental experience of animals during their rearing stage can also 
impact upon the development of their offspring. However, little is known about this in terms 
of pig reproduction. 
 
6.3 Strategies to support sows and fetal piglets during gestation 
 
6.3.1 Minimising maternal stress 
Maternal stress during gestation has been shown to lead to higher pre-weaning mortality of 
live born piglets (Otten et al., 2001; Tuchscherer et al., 2002; Kanitz et al., 2003; 
Kranendonk et al., 2006). Couret and others (2009b) also showed a negative effect of social 
mixing in the final third of gestation on the number of mummified piglets and Weng and co-
workers (2009) showed that group-housed sows had fewer stillborns than stall-housed sows. 
The results concerning still born piglets were not seen in Danish studies comparing loose 
housed and confined sows (Fisker 1994; Nielsen 1995). Despite the risk of social stress 
when sows are mixed, group housing in stable groups is likely to be less stressful for a 
majority of the sows than stall-housing and group housing with continuous mixing. Kongsted 
(2006) could predict sows that would not stay pregnant by observing their eating behaviour 
in systems with competitive feeding. The relationship between maternal stress and birth 
weight is more complicated with different studies findings either lowered (Kranendonk et al., 
2006; Haussmann et al., 2000), increased (Otten et al., 2007) or unchanged (Jarvis et al., 
2006b; Lay et al., 2008; Rutherford et al., 2009, Couret et al., 2009ab) birth weight under 
different forms, timings and severities of maternal stress. Stress during pregnancy can also 
impair piglet colostrum uptake (as assessed through immunoglobulin levels) (Tuchscherer et 
al., 2002). 
There is also the potential for trans-generational effects in relation to piglet outcome 
such as survival. The experience of grandmothers has been shown to affect neonatal 
survival in some litters. As evidence of this, gilts born to mothers that experienced stress 
during their pregnancy show impaired maternal behaviour (Jarvis et al., 2006b; Rutherford et 
al., submitted), which can be associated with increased neonatal mortality in their own litters 
(Rutherford et al., submitted). Since maternal stress can also act to increase offspring stress 
reactivity (e.g. Jarvis et al., 2006b, Haussmann et al., 2000) optimising maternal housing and 
management to minimise maternal stress may also help to minimise the stress reactivity of 
offspring. There may be a variety of different ways that maternal experiences during 
gestation impact upon offspring outcomes. For instance, regularly exercising stalled sows 
during gestation improves litter total weight at birth (Schenck et al., 2008).  
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These studies provide a wealth of empirical data supporting the premise that 
maternal stress during gestation could act to exacerbate many of the problems associated 
with large litter size. Combined with the evidence, described above, on the impact of 
maternal temperament (as dictated by rearing conditions) this suggests that close attention 
to gilt and sow management and the minimisation of fear and stress in reproducing females 
could help reduce some of the problems of large litter sizes. The two most important 
components of this will be stockhandling and social interactions but other aspects of housing 
design and management may also be important. 
 
6.3.2 Nutrition to support fetal development 
The impact of various supplements to gestation diets will obviously depend on the quality of 
the underlying diet. Most investigations where supplementation has an effect on piglet 
survival seem to be compared to insufficient mixes as control feed. Thus the results are 
rarely implemented in commercial mixes for more than a year. This suggests the need for a 
fuller assessment of the relationship between maternal diet and piglet welfare (both overall 
mortality but also longer-term development). There is a concern that information on sow 
nutrition may have lagged behind genotype developments (Long et al., 2010). A feeding 
regime that was appropriate for a sow ten years ago will not in all likelihood meet the 
requirements of a breeding sow today. Piglet health and welfare can be supported by sow 
nutrition in a number of different ways. Many of the beneficial effects of pre-conception diet 
on litter size appear to act through improving the quality of the oocyte (Ashworth et al., 
2009). Sow gestational nutrition can impact upon birth weight and litter uniformity.  
Beyond birth weight sow nutrition can have an impact on body energy reserves, 
which may be critical for supporting early life thermogenesis. Furthermore specific 
supplements of a sow’s diet may act to support piglet behavioural vitality early in life and 
improve piglet uptake of colostrum and important immune components. Sow gestational 
nutrition may also impact on milk and colostrum quality directly (see Farmer and Quesnel 
2009 for a review). Finally, other aspects of piglet biology such as gut function can be 
affected by maternal nutrition during pregnancy. Some studies have also shown that 
supplements to maternal diets through lactation and after weaning can impact on the well-
being of subsequent litters. Edwards (2005) provides a useful overview of some of the 
gilt/sow nutrition work which relates to reproduction and piglet viability. 
Since over-feeding during gestation can lead to lower lactational feed intake, feeding 
supplementation of the sow during gestation for the benefit of her offspring has to be 
carefully considered. However, a number of studies have shown beneficial effects of sow 
gestation diets on piglet outcomes in very early life and also beyond the weaning period. 
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One widely investigated aspect of sow gestational nutrition is dietary fibre. Sows are 
feed restricted during gestation and may feel hungry if only fed small quantities of 
concentrate feed. Managers on farms with high litter size may be keener to feed larger 
quantities during gestation, to ensure enough nutrients to the embryos. This will have a 
positive effect on sow welfare. Dietary fibre promotes longer feeding times and may result in 
sensations of satiety (D’Eath et al., 2009). Andersen and colleagues (2007) investigated 
factors contributing to piglet mortality on 39 Norwegian farms. They found that herds where 
sows were fed a moderate (0.5kg – 1.5kg) amount of roughage during gestation had lower 
levels of piglet mortality. Sows receiving increased fibre diets during gestation have been 
reported to be behaviourally calmer during early lactation (Farmer et al., 1995). Twenty-four 
studies (reporting 41 experimental comparisons) on the effects of gestational dietary fibre for 
sows published between 1975 and 2007 were recently reviewed by Reese and colleagues 
(2008). Across all studies the average effect (mean, weighted by number of litters in 
individual studies) was an additional 0.2 live born piglets per litter and an additional 0.3 pigs 
weaned per litter. On average there was no impact on piglet birth weight. Studies varied in 
their outcomes substantially: for instance 29 comparisons reported a positive effect of dietary 
fibre on live born piglet numbers but 11 reported a negative effect. The authors emphasised 
that effects of feeding increased levels of dietary fibre during gestation may only become 
apparent over several parities. For instance, when they divided the studies up into those that 
assessed outcome over a single reproductive cycle versus those that looked across multiple 
cycles substantial differences were seen. The average single cycle response to dietary fibre 
was a reduction of 0.1 live born piglets per litter and a reduction of 0.2 weaned piglets per 
litter. However, studies that assessed treatment of more than one reproductive cycle found 
an increase of 0.4 and 0.5 live born and weaned piglets per litter respectively. They suggest 
this may be because nutrition prior to conception is important and studies that only assessed 
one reproductive cycle in most cases introduced that diet in the gestation period. From a 
Danish point of view, it is important to distinguish between non soluble fibres (straw) and 
soluble fibres (sugar beet pellets).  
Other studies have investigated particular dietary supplements. For instance: 
• Rooke and colleagues (2001) supplemented sows’ diets with Salmon oil and found a 
reduction in piglet mortality.  
• Supplementing sows during gestation with L-carnitine did not impact upon litter size 
but was found to increase average birth weight, and lower the number of still born 
piglets (Musser et al., 1999).  
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• Eder et al., (2001) also found increased birth weights and fewer low viability piglets 
as a result of gestation L-carnitine supplementation of gilts (where the birth weight 
effect was more pronounced) or sows.  
• Corino et al., (2009) found that a conjugated linoleic acid (CLA) supplementation 
(0.5%) from day 7 of gestation resulted in a higher piglet IgG level at 21and 34 days 
of age.  
• Patterson et al., (2008) found that a 2% CLA supplement from d85 of gestation 
improved piglet scouring following an experimental E. coli challenge 
• Jean and Chiang (1999) found that supplementing gestation diets with medium-chain 
tri-glycerides from day 84 onwards lowered mortality in the first three days after 
farrowing. They found that either medium-chain tri-glycerides or coconut oil 
supplementation over the same period improved survival of small birth weight 
piglets, but that only the tri-glycerides improved survival for medium sized piglets. 
• Long et al., (2010) questioned whether recommendations for sow gestation dietary 
energy content were still suitable for more modern hyper-prolific breeds. They 
investigated the effect of four different levels of dietary energy. Although total litter 
size was not affected, the number of piglets born alive was greater at an energy 
input of 6,730 kcal ME/kg live weight compared to lower or higher levels. Overall 
litter weight at birth increased with increasing energy input.  
• Piao et al., (2010) also found that the method of feeding across gestation can impact 
on piglet mortality. They found that compared to flat feeding increased feed 
allowance in the second third of pregnancy caused an increased rate of still born 
piglets at farrowing.  
• Laws et al., (2009) found that supplementing sow diets with olive oil between 
insemination and day 60 of gestation lowered the proportion of low birth weight 
piglets born (and conversely that sunflower supplementation over the same period 
had the opposite effect). 
Maternal diet may also have a role in supporting offspring welfare beyond the 
immediate farrowing and lactation period. Oostindjer et al (2010) found that adding an Anise 
flavouring to sow diets beneficially altered piglet post-weaning behaviour. This study is 
interesting because it highlights the valuable point that gestation nutrition can potentially 
contribute to more than prenatal or neonatal survival. Maternal nutrition can also potentially 
aid aspects of piglet health beyond the immediate perinatal period. However, this role of 
maternal diet has not been explored widely. 
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6.3.3 Maintaining maternal health through pregnancy 
Keeping sow lameness under control will also contribute to lower piglet mortality as sows are 
better able to control their movements during lactation, reducing the risk to piglets of 
crushing. In addition to the physical benefit of preventing lameness there could also be 
prenatal benefits for the developing offspring. One area that has received little consideration 
is the possible impact of painful conditions experienced by gestating females on their fetal 
offspring. Since many other stressors can have a negative impact on piglet development and 
lameness is likely to be a significant stressor for some animals, it can be assumed that 
maternal pain could impact on piglets. Some evidence for this possibility comes from a 
sheep study (Wassink et al., 2010), which found that 17 extra lambs were reared per 100 
ewes in flocks where ewes were treated for footrot, a production benefit that meant 
treatment was financially beneficial for the farmer. They suggested the effect might be 
mediated by improved body condition in healthy ewes, which in turn improved lamb birth 
weigh and subsequent survival. Also, in sheep Sargison and others (1995) found that a mid-
pregnancy outbreak of sheep scab significantly lowered lamb birth weight. Maternal 
lameness may be less likely to impact on body condition in sows where any form of 
lameness that prevented feeding should be dealt with quickly, however, the possibility that 
painful conditions such as lameness could represent a maternal stressor for fetal piglets 
remains. Focussing on sows that milk well has led to some interest in hoof trimming on some 
Danish farms where the challenge of keeping piglets in large litters alive leads to stock 
people focussing more on sows health.  
 
6.4 Peri-partum strategies 
 
6.4.1 Farrowing environment 
Following on from the EU ban on sow stalls from 4 weeks after mating (due to be fully 
implemented across the EU in January 2013) there has been a move towards increasing 
implementation of group gestation housing systems in a number of countries. In Denmark 
around 70% of sows are now kept in social group pens during gestation, partly as a result of 
movement towards the post 2012 ban on stalls and also because of the specification for this 
within the contract for UK production. However, this change to gestation housing has not 
been matched by the much slower move towards loose farrowing pens. As a consequence 
the majority of sows move from a group pen to a farrowing crate immediately before 
farrowing. There is some evidence to suggest that this contrast between gestation and 
lactation accommodation can be negative for sow welfare and piglet mortality (Beattie et al., 
1995). Transition from loose gestation housing to confinement in a farrowing crate can also 
delay farrowing (Weng et al., 2009). However, this same study also found the highest rate or 
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stillborn piglets when sows where housed in a sow stall and then moved to a farrowing crate. 
In some investigations, there was a negative impact on the farrowing and increase in 
stillborn, when young sows experienced housing in crates for the first time when being 
moved to the farrowing unit – both when inserted in time before farrowing  (Gustafsson 
1983, Cronin et al., 1996) and when inserted late before farrowing (Pedersen & Jensen 
2008). In Danish investigations crated and loose housed gilts and sows did not differ in still 
birth rate, when farrowing in crates (Fisker 1994).  
. 
6.4.2 Farrowing supervision and piglet treatments 
There is no clear consensus of opinion in the literature on whether farrowing surveillance is 
of benefit or not. Whilst, Friendship and others (1986) observed no relationship between time 
spent in the farrowing house and piglet mortality, Hoshino and co-workers (2009) 
recommended farrowing assistance for gilts and high parity sows to improve piglet survival. 
Cutler and colleagues (1989) provided data showing the benefit of a staff training 
intervention to reduce piglet mortality in Australian pig farms. Holyoake and others (1995) 
found that supervision for three hours after the start of farrowing increased numbers weaned 
due to both decreased numbers of still births and decreased neonatal mortality (attributed to 
fewer crushings and better survival specifically of low birth weight piglets). However, 
Vanderhaeghe and others (2010b) found a negative relationship between still births and 
farrowing supervision. In most studies the exact focus points for surveillance, observations 
leading into action and the cascade of actions taken are seldom described. Musse (2007) 
found significantly fewer stillborn piglets in the case of farrowing assistance 1hour after the 
last piglet born than after 3 hours. In the same study the frequency of piglets dying after birth 
was significantly higher when piglets were dried after farrowing, than if the piglet was 
transferred to the udder or left behind on the sow (Musse, 2007). It is likely that on a farm 
where sows are particularly fearful of human interaction then increased human presence 
could have this negative effect (Hemsworth et al., 1995). This may primarily apply to sows 
crated during gestation that are not used to positive human interaction. An adverse effect of 
oxytocin use may also have the same effect. The benefit or otherwise of supervision may 
also depend on what the attendant does. In a small scale study no benefit of piglet drying or 
warming was seen on behavioural landmarks such as latency to contact the udder or suckle, 
but piglet mortality was reduced by both treatments (Christison et al., 1997). White and 
colleagues (1996) developed a more extensive protocol where all piglets were dried, had 
their airways cleared of mucus, and received an oral dose of bovine colostrum. In addition all 
low birth weight piglets received oxygen through a face mask for 30 to 45seconds (see also 
Herpin et al., 2001). This protocol lowered pre-weaning mortality from 18.2% to 10.1% and 
increased piglet weaning weight. In an observational study of 39 Norwegian farms 
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(Andersen et al., 2007) piglet mortality was reduced when piglets were helped to find a teat 
shortly after birth. In this study they found no benefit of drying or placing piglets under a heat 
lamp for reducing subsequent mortality, although they did in a later study (Andersen et al., 
2009).  In these studies, the control group was not observed at farrowing and the piglets thus 
not helped in any way. Other piglet treatments could potentially be applied if farrowings are 
supervised. For example, 2-IminoBiotin, an inhibitor of NitricOxideSynthase (which is 
believed to play a critical role in brain damage associated withy hypoxia) has been 
investigated as a treatment for neonatal piglets (Peeters-Scholte et al., 2002ab, Van Dijk et 
al., 2008).  
Attending farrowings has the additional welfare benefits of quick treatment or 
euthanasia for injured piglets. The financial benefit of providing extra staff cover to supervise 
farrowings will depend on a number of factors including the wage requirements of staff, the 
skill of staff at improving production figures, the numbers of sows covered by each staff 
member and the value of increasing the number of slaughtered pigs for a set number of 
sows. High levels of farrowing supervision are more common in countries where labour costs 
are lower, however they may still be financially viable in other countries. This is particularly 
true if farrowings are artificially synchronised (which in itself may raise some ethical and 
welfare concerns), occur in clear batches or are predicted through automated technology. 
Several groups have investigated the use of technology to allow stockhandlers to predict 
farrowing time more precisely in order to deliver better care to the sow and her litter (e.g. 
Bate et al., 1991; Oliviero et al., 2007; Wang et al., 2007)  
The positive studies certainly suggest that if done well supervision can improve litter 
mortality figures; however, if done badly supervision can produce a worse outcome than 
doing nothing at all (which probably explains the lack of consensus in the literature regarding 
advice on best practice). The benefit of supervision (in terms of ability to intervene to help 
individual piglets) may also be reduced in non-crate farrowing systems where safe access to 
piglets by human stockhandlers is greatly reduced (although Andersen et al’s (2009) study 
was conducted in loose housed sows).  
 
6.4.3 Sow treatments during lactation 
Pain and discomfort during farrowing and in the period following completion of farrowing may 
contribute to negative piglet outcomes. As noted earlier (section 5.2) there is some 
uncertainty about whether large litter sizes could contribute to more pain in the peri-
parturient period. However, irrespective of whether litter size is a causal factor or not, 
addressing the pain experiences of pigs after farrowing (interventions during farrowing will 
most likely be counter-productive by interfering with the normal progression of farrowing) 
could improve neonatal piglet outcomes. Haussman and others (1999) found that supplying 
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the sow with analgesia following farrowing reduced posture changes, which could lower the 
risk of crushing. Improvements to maternal behaviour, as a consequence of better pain 
management, would have both direct (reduced crushing and savaging deaths or injuries) 
and indirect (improved suckling and colostrum intake) impacts on neonatal mortality and also 
longer-term health and performance of piglets. Treating sows with Meloxicam following 
farrowing has also been shown to improve behaviour and had a particularly beneficial effect 
on low weight piglets, which showed better growth when their sow was given meloxicam 
(Manteca, 2009). In contrast, Cassar and colleagues (2010) recently suggested that there 
was no benefit to providing analgesia around farrowing. However, this study involved both a 
pre- and post-farrowing treatment of ketoprofen so negative impacts on farrowing itself 
cannot be discounted. In any event further work in this area could be merited. 
Along similar lines, although not addressing pain experience it has recently been 
claimed that a single injection of Azaperone (Stresnil: Janssen Animal Health) after farrowing 
promotes piglet survival and is particularly beneficial for promoting the survival of low birth 
weight piglets (Miquet and Viana, 2010). However, little information is available to verify this 
claim as yet. 
Sow water intake has been shown to be highly correlated with piglet growth over the 
first three days post-farrowing (Fraser and Philips, 1989). Various issues could impact upon 
water intake including physical condition (lameness causing a reluctance to stand), feelings 
of pain and sickness post-farrowing or poor nipple drinker design or function. Although feed 
intake of sows during lactation may be monitored on-farm water intake is rarely assessed 
because it would require fitting flow rate monitors etc. However, checking the colour of sow 
urine provides a good proxy indicator for water intake. 
Van den Brand and co-workers (2006) investigated the impact on subsequent litter 
performance of supplementing sow diets with dextrose between weaning and oestrus. They 
found that adding dextrose to the diet lowered within-litter weight variation at birth, but did 
not impact on litter size or on overall average birth weight. In a subsequent study, addition of 
dextrose and lactose to the diet of sows during the final week of their pregnancy, through 
lactation and up to the next oestrus was also found to increase average birth weight and 
lower within-litter birth weight variation and pre-weaning mortality in the next litter (Van Den 
Brand et al., 2009). The treatment also increased litter size in sows that had had a previous 
litter of <12 but had not effect on litter size when the previous litter had been >12 piglets. 
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7. Ethical perspectives 
 
 
 
7.1 Introduction 
So far, the concern has been with the welfare impacts on larger litters on the sow and 
piglets, and on strategies to meet the challenges raised by those impacts. However, a 
welfare assessment does not tell us what an acceptable level of welfare for the animals is. 
The issue of acceptability is an ethical matter, where the interests of the animals have to be 
balanced against human interests.  
An ethical assessment of a practice, such as an instance of pig production, is 
concerned with, firstly, an evaluation on the impact of the practice on all affected parties, as 
compared with the impact of available alternatives; and secondly, whether the practice 
involves actions that could be considered wrong in themselves.  
As for the evaluation of impact, it makes a clear difference, which alternative the 
practice is compared with. Animal production is a practice characterized by using animals for 
the benefits of humans. Hence, it is based on a positive answer to the most fundamental 
question of animal ethics: is it justifiable to use animals for human purposes, i.e. raise them 
solely for this purpose and, in an early age, either kill them for their meat or dispose of them, 
when they have served their purpose? There is a long practice for using animals, and it is 
SUMMARY:  
 
In addition to specific welfare issues, there are also other ethical concerns 
relating to the increased occurrence of large litters 
 
• From a biological perspective pig species have adopted a reproductive strategy 
based on overproduction of offspring and likely high neonatal mortality. Farming 
of pigs has actually reduced natural levels of mortality substantially. 
• However, there may be a concern that the development from small/medium 
litters to large litters involves crossing a border into an unnatural state of affairs. 
• There may be a concern that breeding for larger litters is too costly in terms of 
wasted life.  
 
The overall ethical assessment of welfare implications is complicated by the 
fact that there are no widely accepted evaluation criteria concerning the 
evaluation of adding lives to the world. 
 
• However, it seems hard to avoid the conclusion that the Danish development, 
from small/medium litters to large litters is likely to have had an overall negative 
impact.  
• Even so, the overall Danish average level of welfare compares well with other 
countries in absolute terms.  
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widely accepted in most societies. However, there is also a minority of ethically motivated 
vegetarians and vegans in most societies, and use of animals is increasingly under pressure 
for justification. 
Given that the practice of using animal is considered acceptable, the main ethical 
problems concerning animals are: to which purposes, and under which conditions can they 
be used? The purpose of producing food is probably among the most widely accepted 
purposes. However, as other uses, this involves a potential conflict of interests between 
humans and animals. Up to a certain point, good conditions for the animals typically also 
serve the human interest in production; but then increased productivity often involves higher 
pressure on the animals with risk of impaired welfare as a consequence. 
However, the concern here is not to assess in general what is an acceptable level of 
welfare for farm animals. As was pointed out in Section 3, the concern is rather with the 
specific consequences of increased litter size. This assessment compares different 
alternative forms of pig production, and only the difference between these alternatives is of 
interest. Hence, the assessment is made in the context of actual pig production, and the 
overall assessment of this practice itself is not raised as an issue here. Hence, the focus will 
be on an overall ethical assessment of the consequences for the animals of larger litters. 
 
7.2 Overall assessment of welfare impacts 
How should we assess the overall welfare implications of the development from 
small/medium litters to large litters? Part of the answer to this question is relatively 
straightforward, but it also contains complex issues dealing with how to evaluate that more 
individuals are brought into existence. Perhaps surprisingly, there are no clear and 
consistent criteria for this type of evaluation. We cannot present a comprehensive overview 
here, but we shall introduce some of the most important points of view. Consider the figures 
from the Danish development: 
 Total Born Weaned Post-natal 
deaths 
Stillborn 
DK 1992 12,1 9.9 1.3 0.9 
DK 2008 15.8 12.1 1.9 1.8 
 
To compare these two situations is a Different Number Choice. One way to deal with such a 
choice is to split it up in two: a Same Number Choice and a Different Number Choice 
comprising the additional individuals. To do this depends on a not entirely innocuous 
assumption to the effect that the welfare of each individual contributes to the overall 
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assessment independently of the welfare level of the others – we return to this assumption 
later. The split up looks like this: 
Same Number Total Born Weaned Post-natal 
deaths 
Stillborn 
DK 1992 12,1 9.9 1.3 0.9 
DK 2008 12.1 9.9 1.3 0.9 
 
Different 
Number 
Total Born Weaned Post-natal 
deaths 
Stillborn 
DK 1992 0 0 0 0 
DK 2008 3.7 2.2 0.6 0.9 
 
The Same Number comparison of course also involves the sow. Given that we have an 
indication on the development of the average welfare for each group, this comparison is 
relatively straight forward. The complicated issue is how to evaluate that additional 3.7 piglet 
are born, of which the larger fraction is weaned, some are stillborn, and others die early. 
A widespread intuition is that of neutrality: It is ethically neutral whether an additional 
individual comes into existence or not (Broome 2004). Of course, it is not neutral to the 
individual itself; but it is assumed that the world, from an impersonal perspective, gets 
neither better nor worse. Consider the case, where a woman either gives birth to one child or 
to twins. It seems intuitively right to say that, ethically speaking, this makes no difference. (Of 
course, twins may involve more work for the parents and take away resources from siblings, 
but that is not the issue here). 
However, the intuition involves a clear asymmetry: whereas it is considered neutral 
whether an additional good life is created, most people would consider it wrong to create an 
additional life destined to be bad. It seems likely that the coming into to existence of a piglet 
which dies painfully within 24 hours, or even a fetus which does not come to life, would not 
be considered neutral. Ultimately, the intuition about neutrality is difficult to uphold, because 
it lead to intransitive assessments of alternatives (Broome 2004). 
The Different-Number-Choice comparison involves an assessment of a life in 
absolute terms. In his example about the girl, Parfit uses the expression ‘a life worth living’. 
By this he appears to mean a life worth living for the person who lives it. On hedonism, a life 
seems worth living, if it contains more good than bad experiences. A life with no good and no 
bad experiences, or a life where the good and bad experiences are exactly on balance, 
would define an absolute zero on the hedonistic scale of welfare. 
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However, the assessment about whether adding a life to the world is better than not 
adding it is ultimately an ethical assessment. The hedonistic scale implies that for the 
individual, living a life with no good and no bad experiences is equally good as not living at 
all. But from an ethical perspective, it may be said such a life is worse than not living, 
because it would be meaningless. Hence, from an ethical point of view, it could be required 
that, in order for life to be better than not living, this life has to be better for the individual who 
lives it than some minimal positive level of welfare.  
Another assessment criterion is the Total Welfare view. From this perspective, we 
should assess the total welfare contribution from the additional individuals and compare with 
the difference in total welfare between the Same Number alternatives. Thus, very simply, 
larger litters are a good thing if they result in more pigs in the world that live happy lives, but 
a bad thing if those pigs live miserable lives.  It seems likely that the additional individual 
make a positive welfare contribution (of course, this depends on how exactly the overall 
lifetime welfare of the additional individuals are assessed). Then, this positive contribution 
has to be compared with the likely negative development in the total welfare for the Same 
Number individuals to see whether the net effect is positive or negative. We have no definite 
opinion on how to strike this balance. 
Although the Total Welfare view covers some of our intuitions, it is also ultimately 
doubtful, because it allows free trade offs between quality and quantity. A decrease in 
average welfare can always be weighed up by an increase in the number of individuals; but 
most people find that ‘repugnant’ (Parfit 1984). 
The third major point of view is the Average Welfare view: we should compare 
Different Number alternatives by looking at the average level of welfare. Consider this figure: 
 Total Born Weaned Post-natal 
mortality 
Pre-natal 
mortality 
DK 1992 12,1 9.9 10.74% 7.44% 
DK 2008 15.8 12.1 12.03% 11.39% 
 
Even excluding the stillborn from the calculation, the overall average is likely to have 
decreased, because post-natal mortality has increased and the average welfare of piglets 
and the sow has decreased. However, the Danish average compares quite well, in absolute 
terms, with that of other countries. For instance, the similar UK figures are: 
 Total Born Weaned Post-natal 
mortality 
Pre-natal 
mortality 
UK 1992 11.8 9.6 10.5% 8.1% 
UK 2008 12.4 9.8 14.19% 6.8% 
 107 
 
It is striking that Denmark has achieved a considerable increase in productivity, as compared 
with UK, while still keeping post-natal mortality lower. 
Also the Average View has been cast in doubt, because it violates the assumption 
noted above: Whether it is valuable to add an individual with a certain lifetime welfare is not 
independent of the welfare level of others, but actually depends on their average welfare 
level. In the human sphere, this consequence has been deemed unacceptable (Parfit 1984, 
Broome 2004). However, in the sphere of animals, it may seem more plausible. 
 
7.3 Perfectionist assessments 
As noted in Section 3, the perfectionist account of welfare is largely relevant for the overall 
assessment of different forms of practice. We believe two points are of particular interest for 
this report.  
The first point is the assessment of increased litters as such. From a perfectionist 
perspective, it seems clear that there is an important limit by the number of piglets the sow is 
able to care for by herself. When the number of piglets is larger than the number of 
functional teats, this limit has been crossed. Hence, many people are likely already to 
consider large litters (cf. Figure 1) an unnatural state of affairs, and therefore problematic. 
However, similar arguments might be made about layer production where the 
concept of a mother hen rearing a normal clutch of eggs, has long since disappeared in layer 
production. Societal concern over the egg industry has largely focused on specific welfare 
issues rather than the larger issue of how inherently unnatural the production system is. The 
key difference is perhaps that the massive alternation to normal biology represented by this 
change do not so obviously imply a welfare detriment to offspring. 
The second point is an assessment of mortality related to increased litters. As piglets 
die in nature, dying of piglets is not in itself a problem. The important base-line of 
comparison is thus mortality rates for pigs living naturally. This comparison is made in 
sections 4.4.4. It has been argued that pigs may have evolved a strategy of having ‘spare’ 
young which may survive if food is plentiful, but which will be killed in competition with 
stronger siblings if not (Fraser, 1990, Fraser et al., 1995, Drake et al., 2008). Pig producers 
are to some degree struggling against a certain amount of inevitable wastage. To quote 
Fraser et al (1995):  
“The hypothesis also puts the practical problem of piglet deaths in a different 
light. It implies that when we try to keep large litters alive, we are battling not just 
against disease, harsh weather and other external challenges, but against an 
evolved reproductive strategy of the species.”  
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Whilst the natural reproductive strategy of pigs in general appears to be to maximise the 
number of offspring produced when times are good there is also some suggestion that litter 
heterogeneity may also be a natural reproductive strategy of the pig, (e.g. an equivalent of 
hatching asynchrony in birds) that allows at least some individuals to survive at the expense 
of their littermates when times are poor.  
Overall, as compared with natural conditions, mortality for domesticated pigs, even in 
very large litters, has actually decreased. Hence, it does not appear to represent a problem 
for a perfectionist perspective. 
 
7.4 Other ethical concerns 
Here, we shall consider the issue whether increased mortality among piglets involves ethical 
concerns over and above its welfare implications. And there might be a worry about whether 
increased mortality might be seen as an unnecessary waste of lives.  
This concern could be seen as secularized version of the sanctity-of-life principle. 
Over and above its value for the individual who lives it, life has an impersonal value. The 
killing of animals for the purpose of food production is considered acceptable. But killing as 
well as death as an unintended consequence is only justified to the extent they are 
necessary for the fulfillment of this purpose. Killing or letting animals die for no good reason 
is not acceptable. This means that deaths that could be avoided without disproportionate 
costs are considered an unacceptable waste of lives.  
This view is comparable with the view many people have on abortion. Abortion is 
considered acceptable, but only when weighty reasons favour it. Abortion should never be 
mere routine. This is often coupled with the view that abortion is more problematic, the older 
the fetus is.  A similar assessment may be relevant for animals: An unnecessary death is 
worse the older the animal is. 
From this perspective, the development from small/medium litters to large litters 
brings more piglets to life, but it happens at the cost of more stillborn and increased mortality 
for live born. Some people might consider this cost too high; too much life is wasted for the 
sake increasing productivity.  
Death is an event happening to the animal, and it is often assumed that, in order for 
an event to have a welfare impact on an individual in hedonistic terms, the individual should 
be alive and experience the event as making a difference in the quality of its mental states. It 
follows from this assumption that the welfare impact of dying is how the individual 
experiences the event of dying. If this event is painful and/or frightening, these experiences 
have a negative welfare impact. If there is no experience of the event (as is suspected to be 
the case with stillborn piglets: section 4.4.5), it has no welfare impact. However, the 
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underlying assumption appears to be plainly false. An event can harm an individual, 
regardless of whether this is experienced as bad or not, simply by making it less well off than 
it otherwise would have been. Or to put it in hedonistic terms: if the event deprives the 
individual of positive mental states it would otherwise have enjoyed. From this perspective 
stillborn pigs are not ethically neutral, even given the likelihood that they have no possible 
mental expectation of their future life. 
 
7.5 Summary of ethical assessments 
• The overall ethical assessment of welfare implications is complicated by the fact that 
there are no widely accepted evaluation criteria concerning the evaluation of adding lives 
to the world. 
• However, it seems hard to avoid the conclusion that the Danish development, measured 
on its own standards, has been overall negative. At least, this seems to follow from two 
evaluation criteria, whereas the verdict of a third is more uncertain. 
• Even so, the overall Danish average level of welfare may still compare well in absolute 
terms. At least, the Danish post-natal mortality compares well with that of other 
countries, in spite of larger litters. 
• From a perfectionist perspective, there is concern that the development from 
small/medium litters to large litters involves crossing a border into an unnatural state of 
affairs 
• Some people will consider it too costly in terms of wasted life to breed for larger litters. 
 
 
 110 
 
8. Conclusions 
 
 
 
 
8.1 Welfare impacts of large litter size on piglets 
For piglets, the three main areas where litter size was identified as negatively impacting on 
welfare and that demanded high priority for action were piglet mortality, piglet pain and 
suffering and low term outcomes of birth condition and early life experiences. In addition, 
some areas where management responses to large litters could impact on welfare were 
suggested. 
The most obvious welfare relevant outcome of increasing litter size in pigs is 
increased neonatal mortality. Large litter size tends to be associated with increased levels of 
prenatal and neonatal mortality. Piglets born into large litters are smaller on average and 
variability within each litter is greater. Furthermore, the consequences of intrauterine 
crowding mean that overall piglet viability may be reduced. Piglet mortality is certainly a 
central issue where societal concern has been clearly expressed. It is also the main area 
where improvements could provide a win-win scenario, where both farm economics and 
SUMMARY: 
 
The range of welfare and ethical issues associated with litter size increase 
place the good image of Danish pig production at risk, both nationally and 
internationally. 
 
• The Danish pig industry deserves credit for its willingness to address the issues 
associated with large litter size. 
• Danish production operates to good welfare standards that are comparable or 
higher than many of its competitors. So even given the problems associated 
with large litter size Danish pigs may be thought to have as good a life as those 
in many other countries.  
• However, the issues associated with large litter size have been seen to raise 
public concern in Denmark where the pig industry is already viewed poorly by 
many consumers and animal welfare is societally important. 
• Irrespective of any relationship to large litter size levels of neonatal mortality are 
high in Danish production, as they are in many competitor countries. 
• Addressing these concerns provides a potential win-win scenario of both 
improving public opinions on pig production, whilst at the same time improving 
the technical efficiency of Danish production. 
 
A full economic analysis (including inclusion of ‘ethical costs’) is necessary 
to properly identify both economic costs and benefits of further increases in 
litter size as opposed to moving to a focus on keeping conceived piglets alive 
to weaning and beyond. This is beyond the scope of this report. 
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animal welfare were benefited. Although piglet neonatal mortality in Danish production is 
high it is within the range seen in other European countries (with lower average litter sizes) 
suggesting that comparatively Danish pig producers deal quite well with large litters. 
However, the wider welfare issue is whether mortality levels across all these countries could 
be reduced to improve piglet welfare and also to increase the efficiency of pig production.  
There is clearly potential for suffering as a consequence of the high levels of piglet 
mortality seen in Danish production. It is highly likely that piglets are capable of experiencing 
negative emotional states, particularly pain from close to the moment of birth. However, a 
the general understanding of the welfare impacts of different types of neonatal death for 
piglets is limited. To more clearly assess the scale of the welfare detriment associated with 
piglet mortality requires a fuller understanding of the ontogeny of sentience in the piglet.  
In relation to litter size increases have been seen in both prenatal and neonatal 
mortality. Even if the theory that stillborn piglets are unlikely to suffer (section 4.4.5) is 
correct, the increased prevalence of stillborn piglets associated with increases in litter size 
still represents a negative welfare impact on the sow, since farrowings involving stillborn or 
mummified piglets seem to be more uncomfortable for sows (Mainau et al., 2010). In 
addition higher proportion of stillbirths is associated with lower colostrum yields (Quesnel 
2011) so there may be welfare detriments to surviving littermates in litters with many stillborn 
piglets. 
In addition to actual mortality, and possibly actually involving a greater welfare 
impact, is the possibility that due to being born into larger litters some piglets, whilst 
surviving the peri-partum period, bear some morbidity associated with for instance, a difficult 
birth, partial crushing, trampling or savaging or intense teat competition. These conditions 
might involve sustained or intermittent pain.  
Further to sources of suffering in the first few days of life, the increased prevalence of 
low birth weight piglets may have longer-term implications for pig welfare. Low birth weight is 
associated with a range of possible detriments to welfare, including increased stress 
reactivity. Overall, the evidence suggests that low birth weight piglets that survive the 
perinatal period are more likely to be of lower vitality throughout their lifetime. They may be 
more susceptible to disease challenges and also to other challenges to their welfare. These 
suggest that, in so far as large litter size increases the proportion of low birth weight offspring 
that some offspring in large litters will have their welfare impaired. However, few studies 
have properly attempted to disentangle outcomes of birth weight and litter size and the 
extent to which negative outcomes depend on relative or absolute birth weight remains 
largely undetermined.  
Management interventions such as cross-fostering, the use of nurse sows and 
associated early weaning may have implications for piglet welfare, particularly when they are 
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poorly managed. However, further study is necessary to properly identify the welfare 
implications under current management conditions in Denmark and other countries (such as 
the Netherlands) where conditions are similar. There seem to be strategies for nurse sow 
production, where neither piglet growth nor survival is impaired (Thorup and Sørensen, 
2006b). However even in these investigations, there was a certain amount of hunger 
experienced by the piglets as it took approximately 6 hours before the transferred piglets had 
their first milk intake.  
 
8.2 Welfare impacts of large litter size on sow 
The impacts of large litter sizes on sow welfare are more uncertain. However, possible 
welfare impacts of increasing litter size for sows, whether as part of the natural process of 
carrying, delivering and raising a large litter, or through artificial management intervention to 
use nurse sows, were identified. Although it is largely unknown whether bearing a large litter 
decreases sow welfare during gestation, work from other species suggests that there could 
be an impact.  Assessment of the relative welfare impact of carrying varying litter sizes for 
sows during gestation has not been attempted. The possible negative outcomes identified 
here do suggest some studies which could address this issue. Behavioural studies of sows 
in late gestation (when the impact of litter size will be at its greatest) could identify whether 
rest, resource use, social behaviour and signs of discomfort are altered depending on 
subsequent litter size at parturition. Possible impact of litter size on the parturition 
experience could also be investigated through studies of farrowing sows. Sows may also 
suffer impairments to their welfare due to the increased pressure placed on them by 
selection for large litters. Although some of this burden may be reduced by improved 
nutrition, theories of allostatic load (Korte et al., 2007) and resource allocation theory (Rauw, 
2009) suggest that pushing animals towards the limits of their physiological capacity to cope 
is often associated with health and welfare problems. 
 
8.3 Strategies to reduce the welfare impacts associated with large litters 
Referring back to Table 3 we can see that there is immediate room for improvement in piglet 
mortality by reducing the gap between the best and ‘worst’ performers within the Danish 
industry. The bottom 25% of Danish herds have overall pre-weaning mortality levels around 
6 percentage points higher than the best 25%. Clearly then management has a major role to 
play in improving piglet outcomes. Future work should focus on identifying best practice 
followed by the best 25% of producers that are better able to keep mortality in check, despite 
using similar genetic stock and consequentially similar large litter sizes. 
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A number of possible strategies to mitigate negative effects of increasing litter size 
were identified. None of these are the sole solution, but there is good reason to believe that 
a combination of different strategies could be highly effective in remedying at least some of 
the potential negatives (see also Lawlor and Lynch 2005).  
Perhaps the largest issue might be whether the continued goal of increasing litter 
size should be reconsidered, especially if the negative consequences of large litter size 
cannot be mitigated through improved management. However, it should be noted that 
breeding in Denmark has already shifted to selection for number of piglets alive at day 5. 
Whilst, it is too early to tell whether this will reverse the upwards trends in mortality seen 
since litter size selection was first implemented the early signs seen in breeding and 
multiplier herds are very promising. More generally, genetic selection strategies that improve 
piglet survival are demonstrably possible and would be of wide-scale benefit to all farmers. 
Breeding goals that reflect not only economic benefit but factors of wider societal importance 
are becoming more prevalent in a number of animal breeding industries (Kanis et al., 2005). 
However, genetic selection programs often take many years to have an effect on production 
at a farm level. This also means that changes to remedy problems can also take some time 
to implement. Some traits with great potential for genetic selection to improve piglet welfare 
are hampered by difficulties in measurement. This can be because traits are complex, or 
take a long time to assess, or are manifest at a time or place which makes their assessment 
difficult. Behavioural traits are commonly seen as following within this. Other difficulties 
include the fact that heritabilities are generally low and due to the often categorical nature of 
health related traits, such as mortality, the certainty with which available statistical tools can 
evaluate the breeding stock for selection is also relatively low. Any genetic response will 
therefore be slow, and the difficulties increase as the prevalence of mortality decreases. 
Therefore the investigation of non-genetic strategies to mitigate the possible problems 
associated with increasing litter size is of continued value. Numerous studies suggest that 
maternal diet, particularly through gestation, but perhaps during rearing or in the previous 
lactation, can impact upon piglet mortality and overall vitality. Management strategies to 
promote good temperament (low fearfulness in particular) in sows could also greatly 
contribute to welfare outcomes for the piglet. Critical to this process, under any system of 
management, will be standards of stockhandling at all stages of the reproductive cycle. 
Finally, farrowing supervision has substantial potential, if defined and practiced well, to 
improve piglet survival.  
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8.4 Assessing the economic implications of litter size. 
Some of the studies discussed in this review have highlighted the possibility that there could 
be hidden costs for farm efficiency of ever increasing piglet litter sizes. At some point, before 
the biological limit to litter size is reached, it may well be the case that increasing litter size is 
no longer economically sensible. This is particularly true where increasing litter size may 
require increased labour inputs, better sow nutrition, and result in offspring piglets that are of 
a poorer quality on average. Maximum production of piglets per sow may not ultimately 
prove to be the optimal level of production for any given farm.  However, the point at which 
increasing litter size is no longer economically advisable would need to be assessed through 
a full economic analysis of overall farm efficiency but this can only be assessed under actual 
conditions and management – so at the end of the assessment, the conclusion is historical. 
Quinton and others (2006) found that the economic value of increasing litter size decreases 
as average litter size in the population increase, and that conversely the economic 
importance of piglet survival increases. This suggests that to achieve maximum economic 
benefit breeding programs that initially focus on litter size inevitably need to switch emphasis 
to survival once litter size becomes reasonably large. This is due to the fact that as litter size 
increases previous estimates of optimal economic weightings may no longer apply. This 
appears to be the case even when some of the potentially hidden costs of increasing litter 
are not accounted for. A full consideration of all relevant costs could suggest a lower 
transition point. This is also before any societal benefit, expressed in a breeding program as 
non-market value (e.g. Gourdine et al., 2010), is considered. Overall, the suggestion is 
therefore that balanced breeding between litter size, piglet vitality and survival is necessary. 
Even in the absence of further increases in average litter size through selection the high 
figure for piglet mortality recorded in Denmark provides a ready made way to improve 
financial performance if it could be ameliorated. 
Cost of production in Denmark remains amongst the lowest in Europe, which has 
enabled the Danish pig industry to be highly competitive internationally. This 
competitiveness has been at least partly due, in recent years, to increased litter sizes and 
numbers weaned per sow per year. However, it is a fallacy to imagine that the process of 
increasing litter size is never ending or that the economic benefit of increasing piglet output 
per sow will persist as animals are pushed towards the far extremes of what they can cope 
with.  
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8.5 Balancing animal welfare against other societal concerns 
Society continues to express concern over animal welfare issues and although litter size is 
not high on the agenda per se, some of the consequences of it may become important. 
Given the recent adverse public reaction in Denmark it is possible that societal concerns 
about ethics may become a limiting factor (to further increases in litter size in the future) 
before biological or economic limitations. Negative opinions about welfare in pig production 
in Denmark are amongst the highest in Europe (Eurobarometer229, 2005). Overall, animal 
welfare was the second highest concern for Danes, just behind “quality and freshness of 
food” at 77%. Sixty-three percent of Danes had negative views on pig welfare compared to 
only 27% in the UK. More broadly, 76% of Danes reported themselves, in a survey on food-
related risks, to be worried about animal welfare (Eurobarometer354, 2010), the second 
highest proportion amongst all EU countries (behind only Luxembourg).  
However, this societal concern does need to be placed in the context of competing 
concerns regarding food security, efficiency of production and environmental considerations. 
Pig production like other areas of agriculture is subject to a number of different societal 
concerns beyond animal welfare. The predicted increase in world population and the 
associated requirements for food mean that for individual countries food security is 
increasingly an issue. Similarly concerns relating to climate change and the impact that 
livestock production has on the production of greenhouse gases are also highly prominent in 
the public agenda. Toma and others (2008) found that increasing litter size through altering 
sow diets during lactation and before oestrus had significant benefits on air and groundwater 
pollution. This emphasises that piglet mortality, whether prenatal or postnatal, is not only a 
significant source of lost profit for a farm, but that the wastage has significant implications for 
the environmental efficiency of pig production. Overall, the concept of sustainability is 
important. Sustainable agriculture has been defined as “agriculture that is ecologically 
sound, economically viable and socially just (Appleby, 2005)”. Maintaining a sensible 
balance between these three competing priorities, in the face of the growing challenges 
facing agriculture, will be the central problem facing the livestock industry in the coming 
decades. Finally, it is also worth noting that although the heavy selection for large litter size 
in Denmark has given rise to a number of welfare and ethical concerns, overall welfare 
standards for pigs are comparatively high in Denmark. Denmark is prominent, along with 
Sweden, the UK, the Netherlands, in lists of European countries that have introduced higher 
welfare standards than required under EU legislation (Mul et al., 2010). From this 
perspective it could be considered that the overall welfare experienced by a Danish piglet is 
as good as or better than that in many other countries, irrespective of issues relating to litter 
size.  
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Appendix One: Priority for action classification based on combinations of 
welfare impact and certainty 
 
 WELFARE IMPACT 
LOW MEDIUM HIGH 
C
ER
TA
IN
TY
 HIGH MEDIUM MEDIUM/HIGH HIGH 
MEDIUM LOW MEDIUM HIGH 
LOW LOW LOW/MEDIUM MEDIUM
 
 
 
 
 
Appendix Two: Severity scores of the adverse effects (pig welfare RA; from 
EFSA 2007) (Taken from Smulders 2009, Table 5) 
 
Severity of the 
adverse effect 
Description Score 
Critical Fatal, death occurs either immediately or after some time 4 
Severe Involving explicit pain, malaise, frustration, fear or anxiety. 
Strong stress reaction, dramatic change in motor 
behaviour, vocalisation may occur. 
3 
Moderate Some pain, malaise, frustration, fear or anxiety. 
Stress reaction, some change in motor behaviour, 
occasional vocalisation may occur 
2 
Limited Minor pain, malaise, frustration, fear or anxiety. 
Physiological effects may be recorded as well as moderate 
behavioural change. 
1 
Negligible No pain, malaise, frustration, fear or anxiety. 0 
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Appendix Three: Summary of Studies on Wild Boar Litter Size and pre- and 
post-natal mortality (Bywater et al 2010; Fonseca et al 2011; and other 
references).  
Reference Country Mean Litter 
Size 
Mean Prenatal 
mortality (%) 
Mean Postnatal 
mortality (%) 
Fonseca et al 2011 Portugal 4.1 9.7 6.3 
Sáez-Royuela and 
Telleria 1987 
Spain 4.3   
Abáigar 1990, 1992 Spain 4.1 31.0 31 
Garzón-Heydt 1991 Spain 3.9   
Rosell 1998 Spain 3.6 24.5  
Fernández-Llario et al 
1999 
Spain 3.7   
Markina et al 2003 Spain 3.9   
Herrero et al 2008 Spain Median = 4 Median =40.0   
Mauget 1972 France  14.0  
Aumaitre et al 1982 France  13.4  
Aumaitre et al 1984 France 4.6   
Dardaillon 1988 France 4.4   
Mauget and Pépin 1991 France    
Pedone et al 1991 Italy 4.9   
Boitani et al 1995 Italy 5.0   
Briedermann 1971 Germany 5.0  5 – 25 
Appelius 1995 Germany 4.4 7.4 – 8.4  
Gethöffer et al 2007 Germany 5.2 –  7.6 8.0  
  4.6 – 6.7 6.0 – 18.0  
Martys 1982 Austria 5.8  17.0 
Dzieciolowski 1991 Poland 5.2   
Náhlik and Sándor 2003 Hungary 6.7 12.0 55.1 – 60.9 
Ahmad et al 1995 Pakistan  16.0  
Kanzaki 1991 Japan    
Servanty et al 2007     
Fernandez-Llario and 
Carranza 2000 
Spain 3.05   
Fonseca et al 2004 Portugal 4.37   
Fernández-Llario et al 
1999 
Spain 3.69   
Fernández-Llario and 
Mateos-Quesada 2005 
Spain 3.75   
Fonseca et al 2004 Portugal 3.94   
Fonseca et al 2004 Portugal 3.96   
Focardi et al 2008 Italy 4.2   
Massei et al 1997 Italy 3.88   
Cappai et al 2008 Italy 4.6   
Mauget 1972 France 4.62   
Moretti 1995 Switzerland 4.9   
Neet 1995 Switzerland 4.17   
Náhlik and Sandor 2003 Hungary 6.7   
Celina 208 Luxembourg 5.3   
Bieber and Ruf 2005 Germany / E. 
Poland 
5.3   
Oloff 1951 Germany 6.5   
Stubbe and Stubbe 1977 Germany 5.3   
Fruzinkski 1995 Poland 4.83   
Koslo 1970 Belarus 6.12   
Ahrens 1984 Germany 5.49   
 
